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A veling & Porter, Ltd., 
4 RocHESTER, KENT, 
and 72, CANNON STREET, Lonpon. 

STEAM ROLLERS. ROAD LOCOMOTIVES. 
STEAM OULTIVATING MACHINERY. 
STBAM WAGONS. TRACTORS. 

CEMENT-MAKING MACHINERY. 1667 


arrow & Co. 
SRFTSO ae Ae ENGINEERS, 
SPEEDS UP TO 45 MILES AN HO 


PADDLE OR SCREW STBAMERS OF 
EXxcepTionaL SHaLLOw Dravent. 


Ltd., 


Repairs on Pacific Coast 
by YARROWS, LIMITED, Victoria, British a 


Columbia. 
SHIPBUILDERS, SHIP REPATRERS AND ENGINEERS. 


oO 
Ry 


les Limited, 
INEBRS, |RLAM, MANCHESTER, 
ATBR HEATERS, 


CALORIFIERS, RVAPORATORS, } ,ROW's 


CONDENSERS, AIR HEATERS, 
Merrill's Patent’ ag! _STRAINERS for Pump 
uct 
SYPHONIASTBAMTRAPS,REDUCING VALVES 
High-class GUNMETAL STEAM FITTINGS. 
ATER SOFTENING and FILTERING. 5723 





Az (} M2 Kerd, L- 


CULVER STREET WORKS, COLCHESTER. 
Ow ADMIRALTY AND Wak Office Lists. 
ENGINES for Torpedo Boats, Yachts, Launches, 
BOILER FEED PUMPS. 

See Advertisement, page 33, last week. 

PATENT WATER-TUBE BOILERS, 
AUTOMATIC FEBD REGULATORS. 
And Auxiliary Machinery as supplied to the 
Admiralty. 2179 


Jorn H. Witson& Co..tta. 


Birkenhead. 








See Illustrated Advertisement 
Page 114, July 18. 


L poomstive Shunting Cranes 


Sesam and Kilsotaic 


Tanes, 
BXCAVATORS, CRANE-NAVVIES, 
CONCRETE-MIXERS, 
SHIPS WINDLASSES, WINCHES, and 
DECK MACHINERY. 








GRABS, 





6170 
Lists oF STANDARD SIZES ON APPLICATION, 





London Office 
15, VICTORIA STRERT, S.W. 1. 


as and Oil Engine Repairs. 


—B. J. paves CO., Great Hastern Road, 
Btratford, B. 
Tel 736 and 137 ogy a ag 
Gram.: Rapidising, Londo’ 


etter il ngines. 
P QU Kr 


Manufactured by 


PETTERS Liirep, Engineers, Yeovil. 
See our illustrated Advt. every alternate week. 


(craig & Donald, Ltd., Machine 


MAKERS, JoHNsToNE, near Glasgow. 


For class of Machine Tools see our rae 
Advertisement every alternate week. 


BKlectric Lifts |}. 


(UP TO 35 TONS.) 
8. H. HEYWOOD & C0.; LTD. *” 

















Gteam Hammers (with or 


es), worked or self-actin, 
TOOLS for BH PBU DEES. & BOILERMAKERS 


7364 
DAVIS & PRIMROSE, Loaren,Lerra, BpixsurGH. 


Bys Patent jitter (jo 


ammers, Presses, Furnaces, 


4 COVENTRY. 610 
} Sever, 


Dorling & Co., Ltd., 
HIGH-CLASS BN 


BRAD 
NES Por ALL PURPOSES. 
also WINDING fi HAULING, AIR COMPRESSING 
and PUMPING BNGINES. 1896 


ranes.—Electric, Steam, 
bie Ath and HAND, 


GEORGE pROSeLE 260. Lrp., 
Motherwell, near Glasgow 7264 


s—“ Oy 
dle 8 a-8t ray. 2 abes 


wisticats Baron 














Ps 


SPECIALISTS IN 


for Engine Works and Boiler Shops. 
DOLPHIN FOUNDRY, LEEDS. 





Motors ; or Machinery supplied. 


(Sampbells & Hunter, L 4 
Drillers & Boring Machinery 


VOSPER & OO., Lrp., Broap STREET, PORTSMOUTH. 


4547 


Yachts, Launches or Barges OARDIE 


Bailt complete with Steam, Oil or Petrol 
Od 3551 





(Sochran 


Bowers. 
See page 17, July 18. 


MULTITUBULAR AND 
OCROSS-TUBE TYPES. 


1263 





Filectric (‘rene 


S. H. HEYWOOD. & 0OO., LTD., 
REDDISH. 


8. 
1182 





rop 
write 
eee BNGINHERING & FORGE 


orgings 


co., 
696 


= 





ank Locomotiv 


, Wellington Street, Glasgow. 
T Specification and Workmanship equal to 


ENGUIreers, NEWOASTLE-ON-TYNE. 


Main Line Locomotives, 
R. & W. HAWTHORN, LESLIia & CO., 2 


es 





[ibe Glasgow Railway 


GOVAN, G@ iw. 
London Office—13, Victoria Street, $.W. 


neering Company, 
Lrp. 


MANUFACTURERS OF 
RAILWAY CARRIAGE, WAGON & TRAMWAY 


i. 





D Whitaker, 


1, Uston STREET, 


WHEELS & AXLES. 
CARRIAGE & WAGON Pp gd also 
CAST-STEEL AXLE B 7312 
K xcavators. 


FROM 50 TO 600 YARDS PER HOUR. 


LEICESTER. 


6263 





teel (\astings. 


AERIAL ROPEWAYS, CABLEWAYS, CRANES. 


‘is advertisement every alternate weck. 
SOHN a HENDERSON & OO., ABERDEEN. 


7379 





Sole Makers : 


w. orn. & OO., 
See page 15, July 18. 


Boilers. 





ll, HAYMARKRT, 


London, 8.W. 1. 


Works: SALFORD, Mancuesrenr. 


- Cpencer | J opwood” Patent 


Hrrcain, =, 


Hey Wels QO! Oo. 


- Apt! 2 Lpbricants. 


7184 





Iron and Steel 


[['ubes and Fitting 








See Advertisement page 101. 


The Scottish Tube Co., Lid., 


Heap OFFicx: 34, Robertson Street, Glasgow. 


8. 


6920 


[tubes and Vjittings, 
IRON AND STEEL. 
Stewarts and Lord's, L 4. 


41, OSWALD 8T., GLASGOW. 
BROAD STREET CHAMBERS, BIRMINGHAM ; 
“— Ln OFFICR— 
CHESTER House, OLD Broap STREET, 24 
LONDON WARBHOUBE 167 Ure tuanns 8r., 
LIVERPOOL WAREHOUS PaRaDIsE nag 
ESTER WARBHOUSB—M, Deanseate. 
CARDIFF WAREHOUSE—132, Burs Sr. 
BIRMINGHAM WAREBHOUSES—Nuz Srreer, 
SHEEPSOOTE ody oe and 10, CoLznsHiL.. STREET. 
Advertisement page 28. 7268 


ie Prin nished (\astings 
a rapid production and reduce 


a cost by citntnsting machining ———- 
monton, 


rite tor Ilustrations to Akrarors L1p., 
‘Fire Htincteurs 


London, N 

for Public and Private Bldgs., Blectric Railways, &c. 

THE BRITISH FIRE APPLIANCES Co. Ltd., 109, Victoria 
St., London, 8.W. Telegrams—“ Nonacid, London.” 


R. Heber, Radford, Son « Squire, 


ENGINEERING, IRON anp STEBL WORKS 


Valuers. 
CONSULTING ENGINEERS, REFEREES, AND 
ARBITRATORS. 











Established over 50 7108 
15, St. JAMES ROW, 8 ‘SFPIRLD. 
legrams : “ Radford, Sheffield,” Telephone: 425. 


ocomotive (['raversers 
(BLEOTRIO). quad 


8; H. HEYWOOD & OO., LTD., 
REDDISH. 


Te 








GOLD MEDAL-Inventions BxuisiTi0On-AWAaRDED. 


uckham’s Patent aun 
WERIGHING MACHINES 

ROAD ENGINEERING 

Lowvon, E.—Hydraulic Cranes, Grain Meekia ke 
= une Aavt. last week, page 15. 


€€’S pyaroPacumatic ASH Ejector. 
Great saving of labour. No noise. x dust. No 
dirt. Ashes disc’ re 2vft. clear of vessel.—A ppl Mi 
F.J. TREWENT & PROCTOR, Lrp., Naval4irch 
tects and a 43, Billiter Bldgs., Billiter rt 
Od 


SQ ¢ parators 


HAUST 
RBINE 
Co., 


panes 
FFIELD. 
Delivery from Stock :— 


NEW 8j-IN. CBNTRE HIGH-SPBED LATHES, 
BECKER BRAINARD VERTICAL MILLER. 
No. 2 KEMPSMITH UNIVERSAL MILUER. 








6686 








JQHN MACNAB, Many Srreer, Hypr. 
____- Bel. No.: 78 Hyde. 9716 
Rubber MANUFACTURERS 
Packings “:Bruestoue 


GUTTA PEBCHA & RUBBER, LIMITED, 


Y arrow Patent 


ater-Tube Boers. 
Messrs. YARROW & OO., UNDERTAKE the 
PRESSING and MACHINING of the various 

of Yarrow Boilers, such as the Steam Drums, Water 
cee, tha Goermentens for ae Foreign 
Firms not having the n ties. 

YARRO t 60... L qb UN, GLaseow. 


Jon Peliamy [ pmited, 
MILLWALL, LONDON, 8. 
General OonsTRUCTIONAL ENGINEERS, 1216 


Boilers,Tanks & Mooring Buoys 
Sri.is. Purnct Tanks, Arr Receivers, Strec: 
Riverren bream and VENTILATING 
Hoppers, SpeciaL Work, ReParns oF 
ALL KINDS. 


RAILWAY AND TRAMWAY ROLLING STOOK. 


He Nelson & Co: [4 


Tur Giaseow Roiiive Stock arp PLaNtT b+ 
MoTHERWELL. 


H=4 Wrightson & Ce. : 


LIMITED. 





PIPEs, 











See Advertisement page 29, July 18. 2408 


ON ADMIRALTY LIST, 


john Kirkaldy, Ltd., 
London Office; 101, Lkapenmat 8r.. 
Works: Burr MILL, near Ci. ee 


Plants. 
‘ing Machinery. 





KE ti a'Dh tillin, 
vaporating an 8 
wey mers and Ice 
Feed ster Mansere. 
Feed Water Filters. 

Pred Ween: Distillers. 


Main Feed ar. 
Combined Circulating and = Pumps. 











Auxil Surf Condensers 
aed uy ao 71736 
Steel (i sstings. 
THOMAS SUMMERSON & SONG, Lep., 
DARLINGTON. 6074 
Hyectric ([ransporters. 
8. H. HEYWOOD & OO., LTD., 7182 
REDDISH. 
G auges 
FROM 
Stock. 
THE 
Newall Pyrsineering (oe. 
(Proprietors, Peter poem, Lté,), 
Lonpor, 8, 1 
AUTOMATIC ANALYSIS” oF FLUE ASUS. 


ays CO, ecorders, 
Draught uges, Gas Analysers, Gas Collectors 
Tested out on the High Seas in Naval Ships, 





©. HARVEY, 
26, Victoria Pa Westminster, London, 6.W.1. 
Telegrama— 7 ee 
__Fuelecon, ‘Phone, London.  _ 4980 Vitoria. — 
(Centrilugals. 


Pot. (\assels & WV illiameon, 


MOTHERWELL, SOOTLAND.- 





—_—_ 3890 
Destroyers, Boats, Yachts and Fast Boats, 
ersible Boats. 





— 1008 
Toronto - Canada. 7535 See half-page Advertisement page 105, "Tad 11. 
CHANTIBRS & ATELIERS B. & S. Massey, 
A ugustin - ormand samme 
61, rue de Perrey—LE HAVRE . Steam ammers, 
(France). creas 


Power 
AB 
QUICK D 





Sul and Subm 
NORMAND’S Patent W Water-tuhe Boilers, Uoal or Oil 
Heating. Diesel Oil Engines. 









































a 
DELIVERY. ; 
——af - « te “h ‘ 













































ENGINEERING. 








[JuLy 25, 1919. 





Vale tion -~ Demages | 0 
and Lia ihe pat a cae nae of xplosions 
and Boilers inspected d jon. 7479 





PATENTS AND DBSIGNS ACT, 1907. 


otice is Hereby Given that 
ALBERT DBLAS, of 18, Rue de Liege, 
—n Seine), France, SERKS LEAVE to AMEND 
pecification left in connection with his 
ry Sealicetion for Letters Patent No. 123059 (21313 
of 1918) for * improvements in or relating to 
Steam Bijectors.” Particulars of the proposed 
Amend ment were set forth ir the ///ustrated Q; 
Journal (Patents) issued at the on i oppzsition 
Any person or persons may give notice of op) ion 
to the Amendment 4 gi Patents Form No. 18 


at the Patent , Southam Buildings, 
London, W.C, 2, ao Fy ‘ona cale mopth from 
the date of the said Journal. X 376 


W. TEMPLE FRANKS, 
Controller General. 


eriot-Watt College, 
EDINBURGH. 
Principal—A. P. Lavariz, M.A., D.Sc. 


ENGINEERING. 
Complete Diploma Courses in MBCHANICAL, 
BLEOTRICAL, and MINING ENGINEERING. 
A new Diploma ‘Course has just been instituted in 
OIL MINING ENGINEERING. 


CHEMISTRY. 
ourses for Students preparing for the 
. . im Mineral and Organic Chemistry, 
Chemistry of Foods and rugs, and Bio- 
Chemistry. Courses for Brewers’ Chemists. 
Courses — also been instituted for Students 


preparing for the 
MACHUTICAL EXAMINATIONS. 











syne © 


PHA 


BUILDING ‘CONSTRUCTION, 
A Two-Years’ Course in Building Construction for 
Builder's Clerks and Surveyors has been insti- 
tuted, leading to a Certificate. 





Pros 


tus and someon on application to 
PRIN 


IPAL at the Coll eee. 
PHL BR MACON wr ~ 8.8.C., 
Clerk. 


George Heriot’s Trust, 
20, York Place, Edinburgh, 


16th July, 1919. X 388 


nst. C. E, I. Mech. E., BSc., B.Sc., 
and all Bogineering Hxaminations.—Mr. G. P. 
KNOWLBSS, Assoc. M. Inst. C.H., F.S.I., 
M.R.San.I., ‘PREPARES CANDIDATES personally 
er by corresp uccesses. 
Courses may commence B. any time. 0, Victoria 
St., Westminster, 8.W. 7670 


A M.LC.E. and A.M.I.M.E. 


. ogee Lae | Postal Courses in Mechanical 
Popeewss, AS raft Design and Mathematics.— 

PENNING ‘ONS, 254, Oxford Road, Manchester. 

|. 

New 


Quantities 











C. E. Correspondence 
CUAOCHING. 15 years’ continuous suecess. 
rs ‘* — wen Drawia Specns. and 
“now ready.-7 Offices of ENGINEERING. 


orresp ondence ‘'l'uition 
heir, or B.Sc., Inst.0.B., Inst Mech.K., 

and all Technical Examinations conducted by 
Honours (Engineering) University Graduate and 














fore Os Bngineer. Fees moderate.—Address, 
7676, Offices of ENGINEERING. 
TENDERS. 
a. Rk. 


BY DIRECTLON OF B DISPOSAL BOARD, 
MINISTRY OF MUNITIONS. 


Norg.—For detailed list of all surplus Government 


Paps aay, | for sale, oprly 
irector of icity, Ministry of eaeons, 
Whitehall Place, 8.W. 1, for 1, for Surplus, price 3d 





es Sale, by P Public Tender, 
yo. — and PIPE-MAKING MACHINERY, 


oo Plaster Brick-making Machine, 22 in. diam., 
in pug barrel, capable of —= 


at the nearest bookstall or 


12,000 bricke per 


a. oo B. 
BY DIRECTION OF THE THE DISPOSAL BOARD. 


Beek Sar Detatied “List « of all Surplus Govern- 
for Sale, retort Bu at the unuee 


Bookstall cr tort the Director iblicity, Ministry 
[the Mi Minister < of Munitions, 


x 431 





f Munitions, for Surplus, ‘price 
SALE 
1290 MILD D STERL TUBES, 3 ft. 2 in. long by 
1 im. internal dia. by 1, in. external 
weighing about 5] Ib. each, in good condition 
and unworked. 

100 MILD STEEL TUBES, same as above with 
one end of Tube boxed for 4 in. to fit 1j in. 
by jin. bar, in good condition and otherwise 
unworked. 

TENDERS ARE INVITED. 

Tender Forms can be obtained at ROOM 382, 
Hore. Merropote, London, 8 W. 

Ref. DD1/1159. 

CITY OF BRADFORD. 
The Bradford Corporation invite 
[lenders for the Supply, and 
ERECTION of the foteniog..- 
Cosrract “R.115."—THREE WATER-TUBE 
ay 9 SUPERHEATERS, STOKERS, 
c., and 
Contract “R.116."—NATURAL DRAUGHT 
CHIMNEY-fTYPE COOLING TOWER 

Copies of the Specifications, eens Conditions 
of Contract, Forms of Tender, &c., be obtained 
from Mr. THOMAS Roxes, Cit: Electr! ical Engineer 
and Manager, Hlectricit ffices, Town Hall, 
Bradford, on Dm by, may of thesum of One Guinea for 
the Specifica n, &c,, foreach Contract. Additional 
copies of the Specifications may be obtained x. 
payment of oy sum of half-a-guinea per a = 
— id will only be refunded upon receipt ote 

Tender, with the return of all the docu- 
pb in good condition, and after the Tenders 
have been adjudicated upon. 

Sealed Tenders, on the Forms provided, must be 
sent, _ filled in, to me not later than 10 a.m., on 
Friday, 15th August, 1919, endorsed, “Tender 
for E cotrtotty Works, Contract ‘ R.115’ or ‘R. a°~ 
as the case may be. 

The Contracts will be let, subject to the Fair 
Contracts Clauses of the Corporation, which may be 
seen at the Town Clerk’s Office, and which the 
a Contractors will be required to sign. 

The lowest or any Tender will not necessarily be 
accepted 

FREDERICK STEVENS, 

Town Hall, Bradford Town Clerk. 

‘Stad 4 July, 1919. x4 


«. BBR» 


BY DIRECTION OF THE ek BOARD, 
MINISTRY OF MUNITION 


Nors.—For Detailed List of all Surplus Govern- 
ment Property for Sale, “ppl y at the nearest 
Bookstall, or to the Director ublicity, Ministry 
of of, Munitloos, Whitehall Place, 8.W.1, for Surplus, 
Miscellaneous Plant for Sale 
BY TENDER 
Consisting of the followin, 
Orange Chipping and Marma ade-makin Py ee 
Potato and Milling Machines, Water Tanks Dipp 
Tanks, Oil and Petrol Tanks, Fans, belt — elec ot 
cal driven, up to 75,000 cubic ft. per minute; Screw 
Jacks, = to 16 tons; Grinding Roller Mills and 
lectric Cranes as follows: —Overhead, 
2-ton girders, 42 ft, 8 in.; ditto 5 tons. Friction 
Hoist, drum 15 in. by 4§ in.; Ol) Separators, 
Thermometers and Pyrometers, Smiths’ Tools and 
Requisites, consisting of Forges, Anvils, Brazing 
og Fire Extinguishers, re Hose Car, Pumps, 
., Stoves, tinman’s, with flexible tubing ; Drying 
Stoves, Heating Stoves, Enamelling Stoves ; Muffies, 
gas heated ; rnaces for Annealing, and 
electric heated; Cisterns, open and Geeek tne, 
Ivanised suitable for hot water; Photo Printing 
achines, Drying Kiins, Sand Blast Apparatus, 
Dut ie achines, 
xhausting Plant, Paint and Varnish 
— yers, Gas Meters, Semi-ro Pumps, and 
other Engineering Accessories including Piping, &c. 
State items for which iculars are uired. 
Particulars of above, together with Tender Forms, 
can beobtained on application tothe CONTROLLER, 
D.B. 18, eres Cross Embankment Buildin 
Londen, W.0, X 508 
7. 


0. ABR 


BY DIRECTION OF THE DISPOSAL BOARD, 
MINISTRY OF MUNITIONS. 





Se ye 
PREPA 

before 11 «.m., on Wednesda’ 
addressed to 

to er 


3 “*Tender for Sieves, Riddles, etc., 


A 1919. for fall particulars 
| eee Se : 


Commissioners of |. 
hub ‘te WHORIVE TENDERS, 


August, 1919, 
—— B SECRETARY. H.M. Office of 


omg — Westminster, London, 
“for the SUPPLY of CONDUIT TUBES 
) FITTINGS (during a Bat per = 6 or 12 months 
cation to the CONTROL 


ayes OF Eo 
H.M. Offi 


ice of Works, etc., King C 
Westminster, London, 8.W. 1. 

BAT GH -COUNC 
MACHINERY FOR CLEANING AND CUTTING 
FOR RE-USE OF OLD WOOD PAVING BLOCKS. 


The Council Invite alternative 


enders for the Supply of 
MACHINERY for :— 
(i) Cleaning Wood Blocks. 
dp Cutting Wood Blocks. 
(iii) Cleaning and Cutting Wood Blocks. 
PS coe particulars may be obtained at the Town 


Tenders (sealed and endorsed) containing full 
particulars as to the capacity, etc,, of the 


from date of Fm agen of te’ 


Forms of Tender, etc., obtained on 


Rea 


BY mes OF: 





a. R. 


DISPOSAL BOA 
STRY OF ‘OF MUNITIONS, * 


ss bee —For detailed list of a -s all Surplus Govern: ent 

roperty for Sale, opp the nearest Book stall 
= to the Director of Bite, Ministry of M uni- 
tions, Whitehall Place, 8.¥ for Surplus, price 34, 


ngine ine Cylinders : ind 


BOILERS FOR SALE 


One Marine “Engine Cylinders, 16 in., 26 in., 44 in, 
stroke 26in. Revolutions per minute, 180. indi 
cated Horse Power, 1 

Two Marine Type Boilers, 11 ft. Zin. by 13ft. dia, 
200 lbs. si pressure. Heating Surface, 1825 
square feet reat Area, 51°5 square feet, with 
three furnaces. Four Marine Type Boilers, ll ft, 
3in. by 13ft. diam., 200lbs. working pressure, 
Heating surface, 1825 square feet. reat Area, 
51° Ap uare feet, with three furnaces. 

plications for Tender forms should be made to 
— CONTROLLER, es Le., ng Cross 
Emtankment Buildings, W.C.2. Tenders must 
be received by Ten a.m. on August 20th. _ X38 





arine En 





must reach me by Noon, on Thursday, the Bist 


July. 
W. MARCUS WILKINS, 
Town Clerk. 
Town Hall, 
Ba 8.W. 
July, 1919. X 408 





THE GREAT INDIAN oe 7 goad RAILWAY 
co MPARY 


The Directors are prepared 


[lenders for the Supply of the 


following STORES, ay = 


Specification Fee. 
peves, ny to he . heel Bogi 5/- 
arriage Uni rames with 4-whee es 
and Si criage Underframes with o-wheel 
Bogies 21 
Laminated Springs, etc. lo/- 
India Rubber Sheets, etc. 10/- 


Mild Steel Plates and Sheets ~ miscella- 


neous purposes. £1 
Mild Steel Bars, Sections, etc., for miscel- 

laneous purposes. £1 
Piatelayers’ Tools. £1 


Specifications and Forms of Tender may he 
obtained at this office on payment of the fee for 
the Specification, which payment will not be 
returned. 
Tenders must be delivered in separate envelo 
sealed and addressed to the undersigned, mar 
or as the ns 
may be, not later than Eleven o'clock a.m. on 
Wednesday, the éth Angust, 1919. 
The Directors do not bind themselves to accept 
the lowest or any Tender. 

R. H. WALPOLE, 


Secretary. 
Company's Offices, 
48, Copthall Avenue, 
London, B.C. 
23rd July, 1919. X 424 





o. GBR» 


BY DIRECTION OF THE DISPOSAL BOARD, 
MINISTRY OF MUNITIONS. 


Nore.—For detailed list of all Surplus Government 

Property for Sale, apply at the nearest Books’ 

or to the Director of ne x Ministry of 

—e Whitehall Place, 8.W., for Surplus, 
e 3d. 


Gale by by Public Tender of 


MACHINES and PLANT, lying at Royal 
—— Establishment, South Faron rough. 
Eb 53 Cleveland National Acme Autos. a spindle. 
6. 5: 
No. 33 
No, 56 
Cleveland ‘Rational ‘Acme Auto., dingte Spindle 


by 
Cleveland National Acme Auto., Single Spindle 
Alexesate 1 *ham,Auto mjc, Single Suinmtoney jin. 


” ” ” ” ” 


No.0. B.&8. Auto., Single Spindle b: ~ viz 
No. 2. ” ” ” ” 

No. 2. ” ” ” ” ~ 4 i in. 
No, 24 ” ” ” ” by in 
oil Se rator, 3 ft. 3 in. dia. 


epa 
Rolling Mills, with Friction Drive & Countershaft. 
Shaft, fitted with Friction Drive for Rolling Mill. 
Patent Oil Filter, No. 101, by Wilcox 
Profilin, Machine, by Greetwond & & Batley. 
Disc Grinder, ex. Se Co. 
Pendulum Saw 
Drillin Meskine, ex. Smith & Coventry. 
Portable Crane. 
Con. Rod Metalling Machine, ex. Burton Griffiths. 
Band-Saw Sharpening Machine, ex. Clifton & 
Waddl ~_ 
Oil Separato: 
ae Alidays & Onions. 
Metal Band-Saw Machine. 
Automatic Machine, Pratt & Whitney, 
Automatic Screw F nme Cleveland. 
Ten-cwt. Steam Hammer, 
Ten-ton Salter Wei apt 


Three-ton Salter Weig 
Plain — Machine, tb ftts ft. by 6 tt., Smith & 


eae Ing Machine Table, 2 ft. 6 in. Spindle, No. 4, 


Capstan Lathe, ge & Whitney. 
Turret Lathes, No, 2, Bardens & Oliver, 1,,-ins. 


capacity 
Capstan Lathes, by F. A. Wells & Co., U.S.A., 
ae Se — 
3s. by eit by 6it., ty LW. Ward 


Plain Grinder, 14 ay bys 
and Son. 

33-in. 5.C. Henay: Lathe. 
8-in, 8.C. H : 
Four-Spindle Drilling Machine, by Selson Eng. 


Four-Spindle Drill Machine, by Su or 
nee ee ung y Superi 


fooring om aud Piston-Ring Machine 
meet a ape ae 


GONTHOLLER, Pi Plant and 








day of 10 hours, fitted wi ot ney soem Nore.—For Detailed ‘List « of all Surplus Govern- 
Crushing Rollers, 20 in. Rang by 24 5 bees ment Property for Salea oe nearest Bookstall 
mw yy ds Foe ‘Spur Gearing, with PBL. PP eys or to ee. : of Bab ity, Ministry of Munl- 
an oun Clutoh as a preven teball Place, 8. or Surplus, price 3d, 
ge pga — 
in s, or ki ‘ 
= is pow PIP 33 M achinery, ‘Shafti , Ete. 
PIPR MAKING MACHINBE.— Fos Bo BY PUB TENDER, 
operttea 'itaok © Pinion, 41 Peder y! oa Puckeae Be Pacts incl ne x $35 
° in. e Factory, , 
purchase Spur Ge Gemeente ‘ee and ¥ ‘ age ean Street, Paisley, 
in + complete ‘wo Socketting Berew™ Presses ; i Bending Machine for hea’ 
Dies and Apearabes for cutting spigots and pipes to work; Rotary Gas 200 ca. ft. nsf 
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EXACT DATA ON THE RUNNING OF 
STEAM BOILER PLANTS. 


No. 2.—The Performance of Colliery Steam Boiler 
Plants and the Saving to be Obtained by their 
Reorganisation. 


By D. Brown tig, B.Sc.Hons.(Lond.), F.C.S. 


I PprRoposE to give in this article the exact work- 
ing details of 100 typical colliery steam boiler- 
plants in Great Britain as a contribution to the 
fund of specialised knowledge which it will be 
necessary to accumulate in order to undertake 
efficiently the whole question of national coal 
economy. I hope to show that the average net 
working efficiency of colliery steam boiler-plants 
is only about 55-5 per cent., and that by carrying 
out a reorganisation of these plants on modern 
scientific lines it is easily possible to run on 70 per 
cent. This would represent an average saving 
of about 21 per cent. in the national coal con- 
sumption of, say, 18,500,000 tons per annum on 
colliery plants, corresponding to a saving of no less 
than about 3,900,000 tons per annum. ‘This saving 
can be obtained by burning the existing coal more 
efficiently, but in addition at least another 15 per 
cent., equal to, say, 2,775,000 tons can be saved 
by burning refuse coal, so that the total saving 
would be 36 per cent., equal to, say, 6,600,000 
tons per annum. 

It is well known that colliery steam boiler-plants, 
speaking generally, are most inefficient, and in this 
connection the following extract from the Final 
Report of the Coal Conservation Committee 
(Ministry of Reconstruction) is interesting :— 

“Final Report of the Mining Sub-Committee, 
Part II, dealing with ‘Loss and Waste of Coal.’ 


A. Waste of Coal at Pit-head. 


“The amount of coal consumed at collieries has 
long been regarded as excessive, but detailed statis- 
tics on the subject were not available. We, there- 
fore, thought it desirable to obtain returns from 
the collieries in the several mining districts of 
the quantity of coal used by them as boiler fuel, 
with a view to considering whether the existing 
steam-raising plant may be regarded as efficient, 
and whether unnecessary loss of marketable coal 
is taking place. The returns obtained also deal 
with the quantity of refuse taken from the coal 
at the pit-bank and with the quantity of coal 
recovered in the process of cleaning.” 

The returns deal with the year 1913, and apply 
to a gross output of 278,217,295 tons, or 97 per 
cent. of the total output of the United Kingdom 
for that year. 

B. Colliery Consumption of Boiler Fuel. 

“Dealing first with the colliery consumption 
of boiler fuel, and excluding Ireland, the total 
quantity of coal used for this purpose by the col- 
lieries making the returns was 18,395,743 tons, or 
6-8 per cent. of the net output plus the coal of 
which no record of waste was kept. 

“The results in the different districts are shown 
in the following table :— 





ditions under which the collieries are worked—the 
depth of the pits, the length of mechanical haulage 
underground, the quantity of water to be pumped, 
the pressure of firedamp, restricting the use of 
electricity for underground power and necessitating 
a larger amount of ventilation, the supply of waste 
heat in the district, the relative size of the collieries, 
the existence of antiquated and extravagant steam- 
raising plant, and many other special circumstances 
affecting particular mines. Many of these condi- 
tions must be accepted as natural and unavoidable 
in the working of collieries, but the existence in a 
coalfield of a large number of collieries too small 
to be worked economically, and the survival of 
antiquated and extravagant plant may be regarded 
as avoidable causes of waste.” 


As regards the question of “‘lack of statistics,” 
this is, to some extent, correct, as although a very 
large amount of writing and lecturing has just 
recently been undertaken by various people, most 
of this amounts to very little more than pious 
platitudes and expressions of opinion entirely 
unsupported by facts. 

The firm with whom I am associated have been 
continuously engaged in investigating and re- 
organising the working of steam boiler-plants, 
especially colliery plants, for the last eight or nine 
years, and in the course of this important work we 
have accumulated a considerable amount of original 
information with regard to the working of colliery 
steam boiler-plants. I published an article in The 
Colliery Guardian, March 1, 1918 (‘‘ Coal Saving 
at Collieries by Economical Steam Raising”’), 
giving the average figures for the performance of 
75 “typical” colliery steam boiler-plants situated 
in South Wales, Lancashire, Yorkshire, Derbyshire, 
Nottinghamshire and Gloucestershire. 

I should add that the results apply to “ typical” 
colliery boiler-plants only run on the following 
lines :—‘‘ Lancashire” boilers, which may or may 
not be suitably insulated, working in the open air, 
with chimney draught and hand-firing. There 
may or may not be some form of steam jet “* patent ” 
furnace bar. The feed-water heated up by the 
exhaust steam of the winding and other engines 
and pumped hot into the boilers without any other 
treatment. The feed-water generally bad in quality, 
and apt to give corrosion troubles, as well as scale. 

Also I published in ENerxzErrine, July 12 and 19, 
1918 (‘‘Coal Saving by the Scientific Control of 
Steam Boiler-Plants”’), average figures for the 
performance of 250 typical steam boiler-plants 
from 27 different industries (including 75 colliery 
plants), which I contend are more or less typical for 
the whole of the industries of Great Britain. These 
figures in detail are given in the Table annexed. 

The results I have already published show, 
therefore, that the average net working efficiency 
of “typical” colliery steam boiler-plants is only 
51 per cent. as against 60 per cent. for the whole 
country, so that if “‘ typical” colliery steam boiler- 
plants were only run as efficiently as the general 
average for all industries the saving alone would 
be 15 per cent. 

The question of coal economy at collieries is now 
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“It will be observed that the highest percentage 
of consumption (excluding Kent) is 9-43 per cent. 
in Scotland, and the lowest, 5 per cent., in the 
Northern district.” 

“In judging of the relative consumption of coal 
for boiler fuel in the different districts, it is necessary 
to take into account the difference in the calorific 
value of the coal used; and also the varying con- 





even more important than ever, because of the great 
additional expense in the working of collieries 
due to increased wages and cost of material, and 
because of the enormously increased value of coal. 
For this reason, and in order to prove the very 
great saving that can be obtained by re-organising 
colliery steam boiler-plants on modern lines, I 
have given attached, in the form of a huge table, 





on Plate IV, published in this issue, the separate 
detailed figures for the performance of 100 colliery 
boiler-plants, including due proportion of the more 
up-to-date plants fitted with economisers and super- 
heaters, which, I think, are thoroughly represen- 
tative of Great Britain, and which have been 
obtained during our past eight years’ work, on 
this question. 





Average Figures 
of 250 Typical 
Steam Boiler 

Plants in 

Great Britain 
Representative 

of all Industries 
(including 75 

Colliery Plants). 


Average 
of 75 T 
Collie team 
Boller Plants in 
Great Britain. 


Figures 
cal 





A.—Working-Day Test. 
Duration of test (hours) .. 
Type of boiler ee - 


9-43 
Practically 
** Lancashire ” 
4-0 
Average about 
30 ft. by 7 ft. 6 in. 
152-6 


24 per cent. 
mechanical firing 
Not given as an 

average 
fo Nil 


11,822 10,920 
11-5 16°5 
41,851 
807-6 


8-44 
“ Lancashire ”’ 
Number of boilers (average) 6-14 
Dimensions of boilers ° 30ft. by 8 ft. 6in. 


239-7 


Total grate area (sq. ft.) .. 
oe Hand 


Method of firing .. 


Number of tubes in econo- 
miser 
Number of tubes wide 
Analysis of coal burned— 
British thermal units . 
Ash (per cent.) .. ee 
Amount of coal burned (Ib.) 
Coal burnt per boiler per 
hour (Ib.) 
Coal burnt per square foot 
grate area per hour (Ib.) 
Draught chimney base 
Draught, side flues ee 
Temperature of flue gases 
before economiser 
Temperature of flue gases 
after economiser 
Percentage CO in side flues 
Total water evaporated (ib.) 
Water evaporated per 
boiler per ea) 
Temperature of feed-water 
before economiser 
Temperature of feed-water 
after economiser 


None 


20°7 
0-83 in. W.G. 
0-46 in. W.G. 
634 deg. F. 
Nil 


8-0 
226,630 
437 


0-40 in. W.G. 
598 deg. F. 
478 deg. F. 

7-6 
197,776 
624 
116 deg. F. 
193 deg. F. 


163 deg. F. 
Nil 
Saving due to economisers No economisers 

Steam pressure, gauge (Ib. 82 
per sq. in. 

Temperature of saturated 
steam 

Temperature of super- 
heated steam 

Amount of steam or power 
used as auxiliary to the 
production of steam (per 
cent.) 

Water evaporated per 
pound of coal (Ib.) 

Water from and at 212 
deg. F., evaporated per 
pound of coal (Ib.) 

at 212 


7-1 per cent. 
89 


330-5 deg. F. 
346-6 deg. F. 
2-4 


825-4 deg. F. 
Nil 
1°5 


Water from an 


after deducting steam 
or wer used as 
auxiliary to the pro- 
duction of steam (per 


cent.) 
B. Efficiency of boilers 
only (per cent.) 
C. Efficiency of econo- 
misers only (per cent.) 
D. Efficiency of super- 
heaters only (per cent.) 


Check Test. 
Duration of test (hours) .. 
Amount of coal burnt 
(tons) 
Total water evaporated 
(gallons) 
Water evaporated per 
pound of coal 
Approximate annual coal 
bill (tons) 


52-00 
Nil 
Nil 

tho 167-50 

128-25 

184,435 
6-42 
6,500 


168-00 
196-50 


231,250 
5-25 
9,925 











I may say that we have inspected, without 
testing, hundreds of colliery boiler-plants, and as 
a result of this experience, I am confident that the 
100 plants are a good average selection, and typical 
of the whole country. Before considering the 
figures in detail, I should like to point out that, 
as already stated in previous articles, in each case 
a complete scientific investigation was carried 
out into the working of the plant, comprising a 
detailed test of about, say, eight hours, repre- 
senting the period of the daily “‘ wind,” and a further 
long test of one week inclusive, as a check on the 
figures for the coal used and the water evaporated. 
This long check test is also valuable as a means to 
ascertain the actual running conditions from week 
to week, including all losses due to stoppage at 
week-ends, lighter running at night, &c. 

The object of the investigation is to find out the 
exact normal every-day working conditions of the 
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plant, particularly as regards efficiency and the 
cost in coal for a unit of steam (evaporation of 
1,000 gallons of water) so that a scheme of re- 
organisation could be devised for the more econo- 


mical production of steam. 


In every case the boiler-house staff worked the 
plant as usual, and at the end of the test the water 
level in the boilers and the general conditions of 


the fires were the same as at the commencement. 


The coal used was sampled with the greatest care, 
and the heating value direct as fired determined 
with the oxygen-bomb calorimeter, whilst the 
percentage of ash was determined in the muffle 
furnace. The evaporation was determined with 
a well-known make of pressure-type water-meter 
calibrated before each test, and we also fitted on 
the plant for the week a combustion-recorder and 


thermo-electric pyrometer for the flue gases. In 


cases where steam-jets were used, we determined 


exactly the amount of steam used with an apparatus 
of our own, in which the steam issuing from the 
nozzles is condensed in cooling coils and weighed 
direct as water. I have not given the figures for 
the cost of evaporation, because of the great 
fluctuations in the cost of the coal and the diffi- 
culties of placing a proper value on those coals which 
are purely refuse coals, and also on coals which it 
is very difficult to classify as saleable or not. 

I have arranged the figures in the table on the 
principle we adopt in giving a detailed report on 
the working of a boiler-plant, namely, first a general 
account of the plant in the way of full particulars 
of boilers and economisers, grate area, method 
of firing, &c. Where boilers of different dimensions 
are installed, I have given the nearest average 
size to save space. 

Then follow the particulars relating to the coal, 
such as the amount burnt, the heating value and 
percentage of ash, the draught, black smoke, tem- 
perature of flue gases, and the percentage of CO,. 
Following this, we have the particulars relating 
to the water evaporated, the amount, the tem- 
perature, the chemical analysis for hardness, the 
steam pressure, the amount of superheat, and the 
amount used as auxiliary to the production of the 
steam, which has to be deducted from the actual 
steam output of the plant. I have given briefly, 
in the references, the essential features of each 
steam-jet apparatus in use as far as space will allow. 

The next item is the final results, the evaporation 
per lb. of coal, both at the given temperature and 
“from and at” 212 deg. F. We have always 
included the figure “‘ lbs. water from and at 212 deg. 
F., per 10,000,000 B.T.U.” because the ordinary 
figure, ‘from and at 212 deg. F.” is really of little 
use as it takes no account of the heating value of 
the particular coal which may be anything from, 
say, 8,000 to 14,500 B.T.U. We give the efficiency 
figures in detail, namely the exact net working 
efficiency of the combined plant (after deducting 
the steam or its equivalent used in the actual 
generation of steam), and the separate efficiencies 
of the boilers, economisers and superheaters. 
Then follows the long check test of one week’s dura- 
tion. In a number of cases the figures do not agree 
exactly with the day’s test, but the reason of this 
is the great fluctuation in the quality of the coal 
from day to day. 

I have arranged the plants in order of merit 
(net working efficiency) giving the district in which 


each plant is situated, and I trust that the figures 
will be easy to follow. In such a mass of figures 


it is almost impossible to avcid errors, but I have 


done my best in the way of laborious checking 


to reduce errors to a minimum. 


I have also attempted a very difficult task, 
namely, to give a true average for the whole 100 
plants, with the object of giving figures which 
can be conveniently taken as average representative 
performance of all the colliery steam boiler-plants 
of the country (at any rate until further information 
It is obvious, of course, that to 
add up all the figures in each column in the table 
and divide by 100 will be of little use if only because 
of the different sizes of the plants and the varying 
duration of the tests. The correct method in the 
case of the weights of the water evaporated and 
the coal burnt is to reduce each plant to a common 
factor of, say, eight hours and then to add the totals. 


is available). 


That is, the whole 100 plants must be regarded as 
one huge boiler-plant. In the case of the other 
essential figures of the real average for the B.T.U., 
the temperature of the feed-water before and after 
the economiser, the steam pressure, the degree of 
superheat, and the percentage of auxiliary steam, 
these can only be obtained as follows :—After the 
coal and water figures have been adjusted in each 
case to eight hours, the figures for the B.T.U. and 


the total 100 results added up, and the result divided 
by the total weight of the coal of the 100 results, 
giving the real average B.T.U. In the same way 
for all the other essential figures the weight of the 
water evaporated must in each case be multiplied 
by the particular steam pressure, degree of tem- 
perature of steam, temperature of feed-water, &c., 
the total 100 results added up and the results 
divided by the total weight of the water of the 100 
results, giving in this way the true average in 
each instance. The same general method applies 
to the other figures, such as the draught and the 
temperature of the flue gases. 
REFERENCES TO TABLE ON PuaTeE IV. 


(A) Eight steam jets (7, in:) per boiler. Full steam pressure. 

(B) Ten steam jets (,', in.) per boiler. Full steam pressure 

(C) Sixteen - jets (7, im. to} in.) per boiler. Full steam 
ene sles Two boi only. 

(D) ht steam jets (4, in. to } in.) per boiler. 


pressure. 
(E) — steam jetg (} in.) per boiler. 


Full steam 
Full steam pres- 
(F) Sixteen me jets (J, in. to } in.) per boiler. 


(@) Induced “draught. 
(H) Forty steam jets (} in. to ¥, in.) per boiler. 


pressure 

(1) Four steam jets (/,in.) diameter per boiler. 
pressur 

(K) Four steam jets (4 in.) diameter per boiler. 

(L) 


Full steam 


Full steam 
Full boiler 
Full boiler 


ure. 
ht jets (/, in. to 4 in.) holes per boiler. Steam pres- 
sure reduced to about 40 1b. Four boilers only. 

(M) Bight steam jets, } in. per boiler. Full boiler pressure. 
(N) Four steam jets (}in.) per boiler. Full boiler pressure. 

(O) Sixteen steam jets (,/, in.) per boiler. 


Full boiler pressure. 
(P) Six — jets (4, in.) per boiler. Full boiler ure. 
(Q) Bight steam jets per Seer (dein. to }in.). Steam pres- 
sure reduced to about 


(R) Six steam jets (} in.) per spoiler. Full boiler pressure. 
(8) Eight steam jets per boiler (j in.). Full boiler jure. 
(ft) — steam jets per boiler (¥, in. to 3 in. team pres- 
re reduced to about 40 Ib., 1 boiler only. 
(U) Right steam jets per boiler CA i n. to }in.). 
sure reduced to about 30 Ib. 
(V¥) Sixteen steam jets (/, in. to 4 in.) diameter per boiler. 
Full steam pressure. Two boilers only. 
(W) Forty-two steam jets (j, in.) per boiler. 
(X) (Two boilers only). Eight steam jets pér boiler (j in.). 
Full steam pressure. 
(¥Y) Four steam jets per boiler (,% in.). 
(Z) Bight steam jets (4in.) per boiler. Full boiler pressure. 
(AA) Eight steam jets (} in.) per boiler. Full boiler pressure. 
(BB) Forty steam jets (4 in.) per boiler. Full boiler pressure. 
(CC) See above. Cannot be given as an “‘average.” 71 per 
cent. natural draught, 26 per cent. steam jets, 3 per 
cent. induced draught, 0.0 per cent. forced draught. 
(DD) Cannot be given as an “average.” 49.2 per cent. natural 
draught, 37.2 per cent. steam jets, 12.8 per cent. induced 
draught, 0.8 per cent. forced draught. 
(1) Great variation in quality of coal. 
(2) Great variation in quality of coal. 
(3) Much variation in quality of coal. 
(4) Difficulty in weighing the coal, 
(5) Difficulty in weighing the coal. 
(6) Difficulty in weighing the coal. 
(7) Difficulty in weighing the coal. 
(8) ome n ——— the coal. 
(9) Difficulties in emptying the firehole. 


The whole is on a somewhat laborious and com- 
plicated proceeding, but it is worth the trouble, 
if only as a means of comparing the efficiency of 
colliery steam boiler-plants with the general in- 
dustries of the country. I have given for this 
comparison similar average figures for 250 boiler- 
plants, comprising the following industries :— 
Bleaching, brewing, calico-printing, carpet manu- 
facture, chemical (general), collieries (75 plants), 
cotton manufacture, dyeing, dyeing and cleaning, 
electric power station, engineering, explosives, 
flour-milling, food products, hat manufacture, 
hosiery manufacture, hospitals, hotels, lace manu- 
facture, laundries, leather manufacture, linen 
manufacture, paper manufacture, potteries, soap 
manufacture, steel manufacturing and woollen 
manufacture, which, I think, is a fairly compre- 
hensive selection. 


Steam pres- 


Full boiler pressure. 


DetarLep ANALYSIS OF THE 
100 Txsts. 


1. Type of Boilers—The 100 plants have a total 
of 570 boilers, comprising 500 ‘‘ Lancashire” 
boilers, two “‘ Cornish” boilers, 37 “ Egg-Ended ” 
boilers, and 31 modern “‘ Tubular” boilers. The 
typical colliery boiler to-day is undoubtedly the 
“Lancashire” boiler (as, in fact, it is of most 


RESULTS OF THE 





the weight of the coal must be multiplied together, | 


industries) of an average size of about 30 ft. by 
8 ft. 6 in. Collieries seem to go in for particularly 
large boilers, 30 ft. by 9 ft. being commonly installed, 
and in a number of cases boilers 30 ft. by 10 ft. 

The extremely low efficiency of the old “ egg- 
ended ”’ boiler will be noted, the average being less 
than 35 per cent. as against, say, 55 per cent. for 
** Lancashire” boilers. Thus the mere substitution 
of “ Lancashire ” boilers for “‘ egg-ended”’ boilers 
alone would reduce the coal bill about 35 per cent. 
in the case of a colliery working with “ egg-ended ” 
boilers only. There seems to be still a fair number 
of these boilers at work in spite of their shocking 
inefficiency, and not many years ago they were 
regarded as good colliery practice. It will also 
be noted that the few modern “tubular” boilers 
installed are, on the average, giving no better results 
than the “‘ Lancashire ”’ boilers. 

2. Amount of Coal used.—The total annual coal 
consumption, on the whole 100 plants, is approxi- 
mately 1,250,000 tons. As already seen, the coal 
bill for all the colliery boiler-plants in the country 
is about 18,500,000 tons. Averaging all the plants 
up in terms of “ Lancashire” boilers 30 ft. by 
8 ft. 6 in., this corresponds to approximately 730 Ibs. 
of coal per boiler per hour, and 19 lbs. of coal per 
square foot of grate area per hour, as against 798-8 
Ibs. and 20-9 Ibs. for the 250 tests. 

Although the figures in this respect for colliery 
plants are inferior, it must be remembered that the 
quality of coal used is generally somewhat worse 
than in other industries. The boiler-plant of the 
average colliery of this country is burning much 
less coal per boiler than is possible with the best 
working efficiency, and the steam required for 
collieries could be obtained for a much smaller 
number of boilers. The same applies to most other 
industries, but collieries are probably the worst in 
this respect. 

3. Quality of Coal Used.—There is a general 
idea that collieries burn only refuse and inferior 
coal not fit for sale, and that, therefore, any im- 
provement in efficiency would be of no advantage. 
Thus, in the Final Report of the Coal Conservation 
Committee (‘Colliery Consumption of Boiler 
Fuel’’) the following statement is made :— 

“‘ The policy of collieries has been to set free the 
best qualities of coal for the market, and to ret:in 
for colliery consumption the poorest quality. The 
returns show that the quantity of ash in some of 
the fuels used ranges from 50 per cent. to 80 per 
cent.” 

In view of this statement it will be very inter- 
esting to analyse the results obtained for the quality 
of the coal used on the 100 plants. In the first 
place the true mathematical average figures for 
the 100 colliery boiler-plants are 10,500 B.T.U 
and 15-5 per cent. ash, as compared with the figures 
for 250 typical boiler-plants of 11,822 B.T.U. 
and 11-5 per cent. ash. The quality is not, there- 
fore, so very much worse than the average coal 
burnt in all industries. 

Apart from boiler plant work, we have analysed 
hundreds of samples of coals from collieries, and 
I have never heard of a case of 50 per cent. to 80 
per cent. ash as mentioned in the Report. Such 
an instance must be extremely rare, and the state- 
ment as it appears is most misleading. 

Fifty-two per cent. of the coal is high-grade 
coal, and, in my opinion, of the remainder 32 per 
cent. could be used economically in industry for 
steam generation after the cost of carriage is taken 
into account. On the total national coal bill of 
18,500,000 tons, this would correspond to 9,620,000 
tons of high-class coal, 5,920,000 tons medium 
quality, and 2,960,000 tons refuse coal. Details 
are given in the Tables on the next page. 

That is to say, only 16 per cent. of the coal burnt 
was definitely unsaleable, and of this amount the 
highest percentage of ash was 35 per cent. 

I maintain that these results are typical of the 
colliery industry, and the idea that collieries burn 
chiefly refuse and unsaleable coal is a complete 
fallacy. 

As a matter of fact, there are millions of tons of 
refuse coal lying unburnt at collieries, and a very 
large proportion of this refuse could be utilised 
for steam generation, as we have proved ourselves 





on a number of colliery plants. The carrying out 
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This corresponds to 32 per cent. of the total coal bill of 
1,250,000 tons per annum on the 100 plants. 


3. Definitely Unsaleable and Refuse Coal. 














Coal Bill 
= Quality of Coal. per 
Annum. 
tons. 
A. B.T.U. from 6,792 to 9,873, and con- 
taining an enormous percentage of ash, 
together also in =o cases with 
excessive moisture ‘ 200,000 





This corresponds to 16 per cent. of the total coal bill of 
1,250,000 tons per annum of the 100 plants. 


of such a proposition resulte i in an enormous saving 
in the coal consumption, after allowing ample 
deduction for the cost of the extra boilers, and 
plant necessary because of the low calorific value. 

4. Price of Coal Used.—As already stated, it is 
extremely difficult to give the real value of the 
coal used on colliery steam boiler-plants. 

According to the evidence given before the Coal 
Inquiry Commission by Mr. A. L. Dickinson, Chair- 
man of Finance Board and Financial Adviser to 
the Coal Controller, the average value per ton of the 
coal raised for different years is as follows :— 


ah 
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gat tee eae) | ee ee 
1916 oee an wes eos oes 15 7 
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According to these eiihinn: estitias, the 52 per 
cent. of the coal burnt on colliery boiler-plants, 
that is 9,620,000 tons per annum, is worth to-day 
248. 10d. per ton, whilst 32 per cent., or 5,820,000 
tons, of moderate quality is in proportion worth 
at least 20s. per ton. The purely refuse coal, 
16 per cent. of the total, equals 2,960,000 tons, 
is worth its equivalent of saleable coal replaced 
on the colliery boiler-plants. That is to say, if 
three tons of such refuse coal is in practice equal 
to about one ton of saleable coal, after taking in 
account extra labour, plant and depreciation, then 
the value of such refuse coal to-day would be about 
8s. per ton. 

A fair average price for the whole of the coal 
burnt on colliery boiler-plants, irrespective of 
quality, would be to-day about 20s. per ton, that 
is to say, the coal bill of the whole colliery industry 
is 18,500,000/. per annum. 

5. Method of Firing.—The almost universal 
practice on colliery boiler-plants is hand firing, 
and, in my opinion, this is the correct method 
for “ Lancashire” boilers, if only because of the 





























collieries. In the 100 plants only five were me- 
chanically fired, and the average results were, if 
anything, slightly inferior to hand-firing, quite 
apart from the cost of upkeep of the stokers. 

The figures for the 250 plants show 24 per cent. 
mechanical-firing, but we are badly in need of a 
proper engineering census in order that points 
such as these may be known with certainty in every 
industry. 

6. Measurement of Boiler Feed-Water.—In all 
the 100 plants in not one case was any apparatus 
installed for determining regularly the water 
evaporated, that is the amount of steam produced. 
In every case we had to install our own water meter 
in order to find out what the plants were actually 
doing in the way of amount of steam produced. 

As I have pointed out in various articles a boiler- 
plant is a little factory in itself, in which the finished 
product is steam (just as in the case of a colliery 
the finished product is coal), and unless there is 
some form of water-measuring apparatus to check 
the performance of the plant, there is bound to be 
a loss, as any process that is worked in the dark 
is bound to be losing some money. It is impossible 
to get the most economical results out of any boiler- 
plant unless a water meter is installed, and there 
are very few colliery boiler-plants in this country, 
probably not 1 per cent., which are equipped in 
this way. 

7. Amount of Water Evaporated.—The average 
figure for the 100 plants shows approximately an 
evaporation of 393 gallons per boiler per hour, 
which calculated in “Lancashire” boilers of 
standard size, 30 ft. by 8 ft. 6 in., corresponds 
to about 400 gallons per hour. The figure for 
the 250 plants typical of all industries is about 600 
gallons for this size of ‘‘ Lancashire” boiler. 

As already stated (‘‘2. Amount of Coal Used ’’) 
colliery boiler-plants are burning much less coal 
per boiler than could be utilised by modern methods 
of steam generation. Thus a “ Lancashire” boiler 
30 ft. by 8 ft. 6 in. with coal of an average quality 
of, say, 11,000 B.T.U. per lb., can be made to burn 
1,000 Ibs. to 1,200 lbs. per hour, and to evaporate 
with the highest economy 800 gallons per hour, 
which in the case of collieries would represent an 
increase of 100 per cent. in the evaporation. 

In most cases 25 per cent. to 50 per cent. of 
the boilers in operation at collieries could be shut 
down and the same amount of steam generated 
with much greater efficiency from the remaining 
boilers. In the past, hundreds of additional boilers 
have been put down at collieries which were quite 
unnecessary, because no one had any idea what the 
already existing plant was doing, and what was 
possible with a plant run on correct lines. 

These remarks, of course, apply to fairly good 





greatly varying character of the coal used at most 


quality coal, such as is usually burnt at collieries, 


and not to purely refuse coal. As already stated, 
in many cases it would pay to still further increase 
the boiler capacity, and burn refuse coals now thrown 
away, but at the present time whatever quality 
of coal is being burnt, the amount per square foot 
of grate area per hour is much too low. 

8. Analysis of Feed-Water.—The average figures 
for the feed-water as actually going into the boilers 
on the 100 tests are 9-5 grains per gallon permanent 
hardness, and 2 grains per gallon temporary hard- 
ness. This average is much less than might have 
been expected, and, in fact, is only about the 
same as that in all industries generally. There 
is, however, very great variation in the quality of 
boiler feed-water used at collieries, and some of 


more “ chronic” cases than in any other industry. 

Thus, in the 100 tests we have cases of 32, 28, 
25, 22, 21, 19, 18 and 16 grains per gallon total 
hardness, and with conditions like this it is hopeless 
to get efficient results because of the accumulation 
of scale. Fifty-eight of the plants have a hard- 
ness of 10 deg. or over, and some proper treatment 
is required to get the best results. 

Like all other industries, collieries have not 
realised the necessity of treating the boiler feed- 
water on correct lines in order to obtain coal economy. 
Further, collieries have peculiar troubles of their 
own because of sulphuric acid in the pit water 
due to the oxidation of the pyrites in the coal, 
and many collieries have most serious corrosion 
difficulties on this account. It would be very 
interesting to know how many thousands of pounds 
the colliery industry has lost in the way of damaged 
boilers because of this, all of which could have 
been saved by installing a proper plant for the treat- 
ment of the feed-water. 

9. Temperature of Boiler Feed-Water —The com- 
mon practice in collieries is to heat up the feed- 
water by means of exhaust steam from the winding 
and other engines, about 80 per cent. of the plants 
tested adopting this method. The modern scientific 
practice is to utilise jn a mixed pressure turbine 
the large amount of exhaust steam available, but 
most collieries still have no other use for this 
valuable exhaust steam except to use part of it 
to heat up the feed-water. It is generally supposed 
that by this means the feed-water enters the boilers 
at a temperature of nearly boiling point, that is to 
say 200 deg. F., or over. In ice, however, the 
temperature rarely exceeds an average of 180 deg. F. 
at any particular colliery, and the average for the 
80 plants is only about 160 deg. F. 

10. Economisers.—Most colliery steam _boiler- 
plants are not fitted with economisers, and have 
no means of utilising the waste heat in the fiue 
As seen from the figures, in the 100 plants, 





18 are equipped. Economisers installed on modern 


the water is shocking in quality, so that there are. 
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lines will reduce the coal bill, say, 17-5 per cent. 
under average conditions. On the above 18 plants, 
only six plants are obtaining good results, that is 
a saving of over 11 per cent., whilst eight of the 
plants are obtaining results of less than 7-5 per 
cent. 

Even when ecoriomisers are installed at collieries, 
they are generally in a neglected condition, and 
in most cases badly designed. Speaking generally, 
probably at least 15 per cent. of the coal bill could 
be saved in the colliery industry by the installation 
of economisers on correct scientific lines. 

11. Method of Draught.—The general practice 
in collieries is to work with ordinary chimney 
draught. This is, no doubt, partly explained by 
the general practice of working without econo- 
misers, so that as seen the average temperature 
of the gases in the chimney base is about 690 deg. F. 
With such conditions, a good draught is obtained 
with a chimney of moderate height, but the fact 
that as a result of this, 15 per cent. to 20 per cent. 
of the coal burnt is wasted as heat up the chimney, 
has not been considered. 

In the 100 tests, three plants were being worked 
with mechanical (induced) draught, and _ this 
probably represents about the proportion of me- 
chanical draught colliery plants in the country. 
A chimney as a draught-producer, is a thoroughly 
out-of-date, unscientific, and wasteful apparatus, 
and a good draught is only obtained at the cost 
of a shocking waste of heat. 

12. Estimation of CO,.—The figures obtained 
can be summarised as follows, the average being 
7-5 per cent. :— 








250 Plants. 
100 Colliery Plants. Typical of all 

ndustries. 

per cent. 
1. Very good (over 12 per cent.) ae | 1-6 
2. Good (10 per cent to 12 percent.).. 4 6-8 
8. Medium (8 per cent. to 10 per cent.) 23 25-6 
4. Poor (5 per cent. to 8 per cent.) 61 57-6 
5.*Very (under 5 per cent.) o 8-4 








* In two plants the figures were not determined. 


In this respect colliery boiler-plants are about 
equal to the other industries of the country. 

A plant worked on correct lines, and with an 
average quality of coal should give 10 per cent. 
to 12 per cent. CO, with hand-firing, and figures 
less than this indicate losses in efficiency due to 
bad firing or leaky brickwork. There is, there- 
fore, considerable room for improvement in this 
direction on colliery boiler-plants, and it is im- 
possible to get the most economical results unless 
some form of gas-analysing machine (combustion- 
recorder or indicator) is installed on the plant as 
a guide to the firemen. Very few colliery plants 
in the country are equipped with reliable apparatus 
of this description, and of the 100 plants tested, 
only three were fitted. 

13. Boiler Pressure.—The average working pres- 
sure of the 100 plants is 86 lbs. per square inch, 
and the figures can be summarised as follows :— 








250 Plants. 
100 Colliery Plants. Typical of all 
ndustries. 
per cent. 
1, Over 160 Ib. pressure .. None 2-8 
2. Over 120 Ib. to 160 Ib. be o 8 14-8 
8. Over 100 Ib. to 120 Ib. ée es 14-0 
4. Over 80 Ib. to 100 Ib. ob o & 22-0 
6. Over 60 1b. to 80 Ib. oe -. 38 28-4 
6. Below 60 Ib. .. ee oo, 18-0 








The question of the working pressure is not of 
much importance in connection with the economical 
generation of steam, but regarding the question of 
economy by the economical ulilisation of steam, a 
serious loss is undoubtedly caused by the steam 
pressure of colliery equipment generally being much 
too low. It will be noted that the average for all 
industries is 89 lbs., so that collieries are about 
average in this respect. 

14. Superheaters.—The colliery industry makes 
& very poor use of superheaters, only 19 plants 
being equipped out of the 100. Of these a number 
are only partly equipped, so that the average for 
the 100 plants is only 21-6 deg. F. superheat. 
Here, again, the colliery industry is about the same 
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as other industries, and this method of improving 
the efficiency is greatly neglected. 

15. Steam or Power Used as Auziliary to the 
Production of Steam.—As seen, out of the 100 plants 
tested, 26 were fitted with some form of apparatus 
having steam jets blowing under or over the fur- 
naces. Generally speaking, most of these appliances 
are very wasteful, and on the 26 plants the amount 
of steam being used varies from 1 per cent. to 
15-25 per cent. of the production. Also three 
plants were fitted with induced draught equip- 
ment. The true mathematical average for the 
whole 100 plants works out at 1-8 per cent. of 
the production, including 74 plants not equipped, 
the colliery industry in this respect being better 
than the average. 

16. Efficiency of Plant.—The true mathematical 
average for the 100 plants is 55-52 per cent. 
net working efficiency. 

The figures can be summarised as follows :— 











250 Plants. 
100 Colliery Plants. Representing 
all Industries. 
per cent. 
1. Over 65 percent. .. eo § 21-6 
2. 60 per cent.to 65 percent. .. 8 17-6 
3. 55 per cent. to 60 percent. .. 29 24°38 
4. 50 per cent. to 55 percent. .. 28 18-8 
5. 45 per cent. to 50 percent. .. 22 } 35 { 17-2 
6. Under 45 per cent. .. . = (less than 50) 





Divided into districts the results are as follows :— 




















! 
Number of Plants Working at the 
following Net Efficiencies. 
: Total 
District. No. of 
| Over | 60-65 | 55-60 | 50-55 | 45-50 | Under | Plants. 
65 per; per per per per /|45 per 
cent. | cent.| cent.| cent. | cent. | cent. 
Derbyshire _ -- 1 5 2 _- 8 
Gloucester- 
shire .. — oa ~- 1 _ —_ 1 
Lancashire 1 1 4 5 2 _ 14 
Notts oo _ 1 2 3 1 7 
Shro re... — _ _ _ 1 — 1 
Scotland .. — 1 3 _ 2 2 . 
South Wales 3 3 3 2 3 3 17 
Staffs. ~— 2 13 4 3 4 26 
Warwick- 
shire _ — 1 _ — _ 
Yorkshire 1 1 4 3 6 2 17 
Total .. 5 8 29 23 22 13 100 























It is very clear, therefore, that the colliery 





industry is considerably worse than the average, 
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being 55-52 per cent. against 60 per cent. for all 
industries (including 75 collieries). 

In the original article (‘Coal Saving by the 
Scientific Control of Steam Boiler Plants”) I gave 
figures for various industries (see previous page). 

The reason why collieries are about the worst 
of all industries in this respect is obviously because 
in the past coal has been so cheap as to be hardly 
worth saving. Only a very few years ago in some 
districts in Great Britain, high class coal was sold 
at 5s per ton, and collieries have actually given 
coal away to release railway wagons. With coal 
however at 248, 11d. per ton, conditions are vastly 
different, and the amount of coal consumed at 
the boiler plant is a serious matter. From a 
long experience of industrial conditions generally 
I have no hesitation in saying that the colliery 
industry is one of the most up-to-date of all 
industries as regards engineering generally (other 
than boiler plants), and there is not the slightest 
reason, therefore, why the boiler plant should not 
be as efficient as that of any other industry. 


(To be continued.) 





NEWALL MEASURING MACHINES AND 
GAUGES. 

THE Newall Engineering Company, whose factory 
at Walthamstow was, during the war, one of the 
National Gauge Factories, under the management 
of the Ministry of Munitions, has now been released 
from control, and the firm are therefore in a position 
to revert to the manufacture of their specialities. 

On a recent visit to the works it was found that they 

had been considerably extended; this was necessary 
in the first place to the large volume of gauge and 
similar fine work which had to be produced to meet 
the requirements of the Ministry of Munitions and now 
fully engaged upon the increased output due to the firm 
having introduced new gauging appliances and estab- 
lished a ial production department for the manu- 
facture of gauges, jigs, fixtures and tools for the 
a of a specific article. In the case of the 
atter work the firm are prepared to design and manu- 
facture the complete equipment of gauges, jigs and 
fixtures or to manufacture them to designs submitted 
to them, in either case they are willing to advise on the 
best method and apparatus necessary for securing 
economical production. 

The illustrations on Plates V and VI give an idea of 
the workshops. Fig. 1, on Plate V, shows the screw- 
gouge section, and Fig. 2, on the same Plate, is a view 
of the chief test room, where every gauge and i 





appliance is tested for accuracy and recorded before it 
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is passed to the stores. A general view of the machine 
shop is given in Fig. 3, Plate VI. From these views it 
will be seen that the shops are modern, they are well 
lighted and properly ventilated, and all details have 
been to secure the sequence of operations 
and to make the conditions good for the skilled 
mechanics employed. 

The firm are “‘ manufacturing’? gauges; in fact, all 
their standard products are made to stock and in 
batches of from 50 to 1,000 at a time, so that they 
can set up the machines for specific operations and 
keep control of the processes and inspections during the 
progress of the work through the shops. The advan- 
tages of working on such a system are well known in 
many engineering workshops, but it has a real signifi- 
cance upon output on fine work and where the accuracy 
of workmanship and finish is of primary importance. 





The war gave the firm—due to the fact that the 
works were fully occupied upon standard designs of 


was a necessity if the gauges and other appliances 
required for such a system were to be produced at a 
reasonable cost and within the high and low limits 
laid down. Further, engineers required for their tool- 
rooms a measuring machine for checking their standard 
and workshop gauges. 

The improvements introduced since the production 
of the first model of this machine have been continuous. 
The new devices and modifications which have been 
introduced to ensure accuracy and to increase the 
handiness of the machine are: (a) The compensator, 
(6) the adjustable vernier arm, (c) the new ign of 
vee-block supports (shown on the measuring machine 
on the right of Fig. 2), and (d) a new and heavier form 
of bedplate (also seen on the right of Fig. 2). 

The compensator (a) is shown clearly on the enlarged 
view of the headstock, Fig. 5, Plate VI, and it will be 
seen that on the extension of the measuring screw there 


insulating handle has been omitted as it has been 
found to be unsatisfactory, it produced an unstable 
condition in the rod. firm now supply plain 
measuring rods and a special lifting clip. 

From a test recently carried out by the National 
Physical Laboratory we have abstracted the following 
results from the certificate of examination, carried out 
on a 12-in. Newall machine, and the figures show the 
high degree of accuracy secured in the latest machines. 

Bed.—The working surfaces were found to be flat 
to within 0 -0005 in. 

Headstocks.—The measuring faces of the headstock 
were parallel to one another and to a plane perpendicular 
to the bed to within 0 -00003 in. 

The micrometer screw has 20 threads per inch, and 
as the drum is divided into 500 parts, each division 
represents 0-0001 in.; by means of the vernier the 
reading can be made to 0-00001 in. The micrometer 





is a cylindrical portion on which a square thread is 
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gauges, &c., required to execute orders to ensure the 
rapid and accurate production of all classes of muni- 
tions for Government Departments and contractors— 
an opportunity of examining their own designs and 
introducing improvements in their pre-war measuring 
appliances and gauges. The particulars of some of 
the modifications and additions are interesting, and 
indicate the policy of the company with respect 
to the supply of mechanical measuring and gauging 
apparatus for general engineering, the demands for 
which are sure to increase in the future. 

The latest pattern of Newall measuring machine is 
shown in Fig. 4, Plate VI; the machine has already 
been described by us* but it is interesting to note that 
the first machine was produced in 1903 and was the 
corollary to the investigations undertaken 

y the firm prior to the issue in 1902 of their standard 
tables for their system of working to limit gauges. 
These tables have been extensively used by engineers 
to assist them in reaching the present-day standard of 
accuracy in workmanship, but a handy and accurate 
measuring machine in which reliance could be placed 





* ENGINEERING, vol. lxxxi, page 79. 


cut. The thread has a flat top and is of the same pitch 
as the measuring screw, on the surface of the flat thread 
undulations are made to correspond with the ascertained 
small inaccuracies of pitch error in the measuring screw 
and by means of which a forward or backward move- 
ment is given through the roller and lever, to the arm 
on which the vernier is fixed. 

The adjustable vernier arm is shown at B, Fig. 5, 
the object of this is to enable the operator who is 
making the measurements, to fix the position of the 
zero at the point convenient for ease of ing. 

An improvement made possible through the firm 
having adopted spherically-ended measuring rods of 
uniform section for all lengths above 3 in., or 75 mm., 
is the new type of vee-block having a fixed height of 
centre. This modification enables the alteration in 
the setting of the headstock to be made rapidly as there 
is no necessity to alter the height of the vee-block for 
the varying sizes of rods. Further, the spherical- 
ended measuring rods eliminate a ible source of 
error as they give point contact, and thus obviate the 
inaccuracies due to imperfect flat faces or want of 
parallelism between the faces of the gauge. 

In the latest type of measuring rods the fixed 








has been tested for progressive error, and this has been 
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found not to exceed 000002 in. over an inch run. The 
periodic error has been found to be within 0 -00002 in. 

The diagram, Fig. 6, Plate VI, is a reproduction of 
the National Physical Laboratory curve giving the 
calibration of the micrometer screw for this machine. 

In Figs. 7 and 8, on page 104, are shown the latest 
patterns of external micrometers made by the firm. 
Three of the standard sizes of frame are shown in Fig. 7, 
but other sizes can be made to meet special require- 
ments. From Fig. 8 it will be seen that the micrometer 
head is a separate unit. The design is liberal with 
large wearing surfaces, and the proportions ensure a 
rigid but light micrometer. The pitch of the screw is 
0°025 in. and its inaccuracy is guaranteed to be within 
0-0001 in. or 0-0025 mm. of true pitch. 

For the measurement of holes and internal work the 
standard reference length rods shown in Fig. 9 should 
prove very useful. The standard set are suitable for 
measuring bores of from § in. to 2 in., advancing by 
ys in. but the rods can be supplied to + or — limite. 
The rods are for convenience in use, slipped into the 
small holder shown in the front of the nest, Fig. 9. 
The design of this holder with a measuring rod in 
position is shown in Fig. 10. The rods are easily and 
quickly changed by turning the head through an arc of 
25 deg. the rod is locked in position, and by a similar 
movement in the opposite direction it is released. The 
reference rods are of steel, spherically ended and 
ground to within a limit of inaccuracy of 0-000] in. 
or 0-0025 mm. 

In Fig. 11 are shown the firm’s latest end-measuring 
blocks, the new blocks are of a more convenient section 
for bulk manufacture and due to the improved methods 
of manufacture are produced to a high degree of 
accuracy. The faces are guaranteed for truth and 
parallelism to 0-0001 in. or 0 -0025 mm. 

The firm have not materially altered their standard 
type of internal limit gauges except in respect to those 
of large size. They now make the ends of these in 
the form of disc flywheels (see Fig. 12); this shape 
has been adopted not only to reduce the weight of 
the gauge, which is marked, but to avdid the distortion 
duri  hesdoniag which was sometimes a source of 
trouble in the older pattern. 
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CANADA’S NATIONAL STEEL PLANT. 
By W. F. SurHerLanp. 


A ROMANCE of the scrap-heap fittingly describes 
the erection of a plant worth several million dollars 
in the short space of four months for the utilisation 
of material of low value, and its conversion into 
shell for the Allies. Canadian industries played a 
most important part in the winning of the war, 
as is attested by the fact that in the latter part of 
1917, Canada was producing 55 per cent. of the 
shrapnel, 42 per cent. of the 4-5 in., 27 per cent. of 
the 6 in., 15 per cent. of the 8 in., and 16 per cent. 
of the 9-2 in. shell used by the British Armies. 

It was early seen that this enormous output of 
the shell shops resulted in an ever-growing tonnage 
of scrap, mostly in the form of turnings, and it was 
& problem of no small difficulty to dispose of this 
material and to utilise it in such a way as to make 
it fit for further use. The industrial activities of 
the past few years, however, have resulted in far- 
reaching advances in the metallurgy of steel, and 
the development of the electric furnace to a point 
where it could be relied upon for the quantity 
production of high quality steel offered a solution 
of the problem. Accordingly the Imperial Muni- 
tions Board, under Sir Joseph Flavelle, chairman, 
took active steps towards the erection of a plant 
which would take the scrap material and turn it 
into the finished forgings ready for machining. 
This plant, when finished, comprised a complete 
unit with melting house, containing ten electric 
furnaces and a forge plant. 

It may be remarked in passing that much of 
Canada’s record in the munitioning of the Allies 
is due to the organising ability displayed by the 
Imperial Munitions Board, which had not only 
jurisdiction over the manufacturing of shell, but 
had also the task of furnishing all the component 
parts which go to make up the complete shell and 
its propellant. Existing .plants could not cope 
with the task, so the Board built plants of its own, 
fuse plants, explosive plants, aeroplane factories, 
and lastly the British Forgings plant at Toronto, 
the subject of this article. 

In the work of designing and constructing the 
plant, speed was, of course, a most essential factor, 
and the co-operation of Perin and Marshall, New 
York, consulting engineers, the Toronto Harbour 
Commissioners, the Hydro-Electric Power Commis- 
sion of Ontario and the contractors, Messrs. Roger 
Miller and Sons, established a record which has 
rarely been s ,» Mr. F. R. Miller being 
actively in charge of construction and operation. 
The design of the plant was carried out under the 
active supervision of Col. David Carnegie, ordnance 
adviser, and member of the Imperial Munitions 
Board. Ground was broken on February 1, 1917. 
Erection of the steel-work began in March, and the 
first furnace was put in operation June 16, just 
four months and 16 days from the start. 

A spacious plant site was chosen, 130 acres in 
all, with seven miles of standard-gauge track, 
serving the many buildings and piles of shell turn- 
ings, the latter having at a distance much the same 
appearance as the stock piles of coal at the larger 
power stations. Cars of scrap entering the grounds 
were either unloaded on to these stock piles by 
locomotive cranes and lifting magnets or placed 
in the covered stock shed, 610 ft. long and 75 ft. 
wide, adjacent to the melting-house. This shed, 
or building, as it may more properly be termed, 
was provided as a winter storage, for turnings piled 
in the open would freeze to a solid rock-like mass 
very difficult to handle. The covered-in stock 
pile contained 12,000 tons of turnings at a time. 
Travelling cranes equipped with lifting magnets 
handle the turnings in the stoek pile. 

The melting-house or furnace-room, of which a 
view is given in Fig. 1, Plave VII, 610 ft. long and 
75 ft. wide, contains 1,400 tons of structural steel, 
and has a lean-to 25 ft. wide between it and the 
covered stock pile. This lean-to houses the electrical 
equipment, and underneath serves for a bin storage 
for fluxes and other materials. The electric fur- 
naces, ten in number and of the Héroult 6-ton 
type, are placed on a charging platform about 
12 ft. above the main or casting floor. This charging 
floor, in addition to the furnaces, has space at 








either end for the relining of the furnace tops, 
and is on a level with platforms projecting into the 
covered-in turnings storage. Narrow-gauge dump- 
cars are loaded on these platforms by the lifting 
magnet, run over weight scales, and discharge the 
contents at the furnaces. Provision has been 
made in the charging platform for pouring the 
heat into the ladles and also for the picking up of 
ladles after they have been relined and pre-heated. 

The Héroult furnace as used in the steel industry 
has three electrodes, for three-phase current, the 
arc being formed between these electrodes and the 
bath beneath. The 6-ton furnaces here used have 
electrodes of amorphous carbon 17 in. in diameter, 
and each length has a threaded hole in the end, 
so that by screwing in a carbon plug and screwing 
another length on top no waste carbon results 
from short ends. A view of one of these 6-ton fur- 
naces is given in Fig. 2, Plate VII. Each electrode 
is held in a clamp, and is provided with means for 
moving up and down on a steel mast, as it is called, 
at the back of the furnace. Steel cables attached 
to a motor-driven winch control this movement, 
and the motor-driven winches, one for each electrode, 
are in turn operated by an automatic control 
located in the transformer room. This regulating 
mechanism, namely, the Thury regulator, is of 
interest, and serves to control the amount of power 
each furnace uses to a nicety, no matter how great 
the variation in resistance due to momentary short 
circuits or other causes. The current used is, of 
course, subject to the control of the operator on 
the charging floor. 

Current transformers are installed in the high 
tension circuit of the furnace transformers, and 
these are connected to the coils of the regulator, 
one fixed and one movable, in such a way that when 
the furnace current is at its proper value the movable 
coil is held in equilibrium by a spring. When the 
current rises or falls below its normal value this 
equilibrium is destroyed and the coil and the rocking 
lever to which it is attached are swung one way or 
the other, engaging tappets which in turn release 
either one of two pawls. These pawls fall into 
notches in the rim of a reciprocating wheel, and 
being located on a rocker arm give motion to it, 
thus in turn making contact with either one of two 
sets of carbon contacts. According to which one 
of these contacts is made, the winch motor is 
operated in one direction or. the other, raising or 
lowering the electrodes. A rheostat is provided in 
the current transformer circuit which shunts a 
portion of the current and provides a means of main- 
taining any constant current value desired. 

A plant of this size, when operating to full 
capacity, requires as much electrical energy as a 
medium-sized city, and the electrical features are of 
some interest. To convey the current from the 
main transforming station of the Hydro-Electric 
Power Commission of Ontario, six 13,200 volt 
three-phase cables were laid through the business 
district of Toronto for a distance of about three 
miles. These feeders on approaching a less popu- 
lated district were carried overhead on two separate 
pole-lines and entered the high-tension room through 
roof entrances. 

A main high tension bus runs the full length of 
the high tension, switching and transformer room, 
and to this the incoming feeders are connected, first 
passing through 40,000 volt oil switches. Each 
feeder is protected with overload relays and lightning 
arresters. The transformers, ten in number, are of 
1,500 k.v., a capacity each, and are located imme- 
diately behind the furnaces they serve, the leads 
passing through a wall into the melting house. 
Each transformer is also provided with a high- 
tension oil switch and protective apparatus. A 
view in one section of the transformer room is 
given in Fig. 4, Plate VIII. 

Electric furnace plants at times are notorious for 
their poor power factor, but this plant, owing to 
careful design, proved to be an exception. This 
is true to such an extent that the power factor of 
the whole plant, including a heavy induction motor 
load, never went below 95 per cent. A motor genera- 
tor set of 200 k.w. and having an a.c. synchronous 
motor helped in power factor correction. 

In a plant of this size it is necessary to provide 
some means of central control from which switching 





operations can be carried on. This need was filled 
by the main control room centrally located between 
the two sections into which the main transformer 
room is divided. This control room projects out 
into the furnace room and gives the operators a 
clear view of the furnaces. It contains two switch- 
boards, one for the incoming feeders and the other 
for recording instruments for each furnace. 

The furnaces are basic-lined up to the slag line. 
Magnesite bricks are laid on the bottom, and the 
walls built up of the same material to a little above 
the slag line. From this point up silica bricks are 
used, the roof also being formed to a domed shape 
of silica brick. Permanent expansion due to 
heating occurs in this refractory, and this is taken 
care of by laying up shingles in the courses. These 
char and burn out as the furnace is put on heat, 
and the brick expanding fills up the voids left. A 
basin-shaped bottom is made on the magnesite 
lining of grain magnesite mixed with basic slag. 
This sets solid when burned in with the electric 
arc, and those installed needed very little attention 
during the operation of the plant. 

A person entering the furnace-room when the 
plant was in operation would first be attracted 
by the row of electric furnaces, some being charged, 
others melting down, and at frequent intervals 
others pouring. The scrap loaded on dump cars 
is rolled in from the loading platforms and is dumped 
on the charging floor beside the furnaces. From 
the pile thus formed it is charged into the furnaces 
by hand, and the necessary amount of fluxes, 
lime and fluorspar added as required. 

The refining of steel in the open-hearth or electric 
furnace frequently includes the elimination of 
phosphorus or sulphur, and sometimes; both. 
The elimination of the phosphorus takes place 
when an oxidising slag is formed of lime and iron 
ore or if the scrap metal, especially turnings, is 
rusted to any considerable extent, the ore is fre- 
quently omitted. The elimination of sulphur 
takes place mainly after the first slag is drawn off, 
and a new one formed of lime and ground coke. 
During this period silicon as ferro-silicon or carbon 
is added, and a strong reducing action takes place 
which deoxidises the steel and eliminates whatever 
sulphur may be present. In the present case, the 
turnings had the same composition as was desired 
in the finished steel, and no special care was observed 
for the removal of sulphur, no double-slagging 
operation being necessary. Each charge takes 
about four hours for melting and refining, and 
towards the end of this period a sample was taken 
by means of a long-handled ladle and poured into 
a small mould about 5 in. long. The test piece 
thus made was fractured and a. determination of 
the carbon content made. When this was known 
the proper amount of carbon was added and the 
melt was ready to pour. 

The furnace was tilted by means of motor-driven 
mechanism on the floor beneath, and the steel 
teemed into bottom-pour ladles handled by an 
overhead crane. 

The next step was the filling of the ingot moulds, 
arranged in rows along the casting floor. These 
moulds were just sufficient in size to make one shell 
forging of the size desired and were made of cast 
iron with a hot-top or ring of core sand placed on 
top. The ingot moulds were smaller at the bottom 
than at the top, contrary to ordinary practice in 
the steel mill, and with the addition of the hot-top 
insured a perfectly sound ingot with very little 
waste. Piping or the creation of a cavity in the 
centre of the ingot due to the contraction of the 
steel has always been the steel maker’s bete noir, 
and the making of steel for shell billets requires 
more than the usual amount of care. 

Steel such as made at this plant had more than 
the usual tendency to form piping owing to its 
density and comparative freedom from occluded 
gases, but the Hadfield system of casting large end 
up and providing a head of molten metal to take 
up any shrinkage as it occurred produced uniformly 
good results. The function of the hot-top was to 
keep a certain amount of the steel fluid long after 
the greater portion of the ingot had cooled, this 
steel flowing into the ingot as needed. 

Before filling, each mould is carefully cleaned by 
compressed air to remove any dirt and after filling, a 
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shovelful of earth or cinders from the floor being 
thréwn on the steel to prevent its too rapid cooling. 
If the nozzle in the bottom of the ladle showed 
signs of stoppage an oxygen jet was brought into 
play and the partially solidified steel rapidly burned 
away. 

Before the ingots had solidified metal tags were 
inserted in the molten top so that every heat might 
be readily identified. This heat number followed 
the billet, the forging, and finally the shell through 
every stage of manufacture. As soon as the ingots 
were cold they were removed from the ingot moulds. 
This was a comparatively easy task, as the slight 
shrinkage which takes place in the majority of cases 
allows them to readily drop out. Should they 
stick, a blow or two with a sledge readily removed 
them. The enormous output of the allied shell 
shops was only possible through the use of labour- 
saving devices wherever possible, and the use of 
conveyors toward this end is strikingly illustrated 
in this department of the plant under consideration. 
From the time the ingot left the melting house and 
was conveyed to the cutting and breaking shop 
until it left ready for the next operation, forging, 
no manual labour was necessary for its handling. 

The ingots were carried from the melting house 
to the cutting and breaking shop by a conveyor 
which ran the full length of the latter. From this 
conveyor they were rolled on to a number of tables 
where they were stamped with the heat number. 
Pneumatic hoists then picked them off the table 
and placed them in the cutting-off machines which 
cut a deep groove partially through them just 
below the crop end or scrap portion. Seventeen 
machines, when the plant was in operation, were 
required to handle the output of the melting house. 
A view in the grooving shop is given in Fig. 5, 
Plate VIII. 

After grooving, the ingots were transferred to 
another conveyor and carried to the breaking ham- 
mer, a “steam” hammer run by compressed air. 
This hammer, which is shown in Fig. 3, Plate VII, 
broke off the crop end, which fell to one side down a 
chute and into a conveyor from which it eventually 
found its way into the furnaces again. The shell 
billet rolled the other way on to another conveyor 
and went to the inspection tables. Here it was ex- 
amined for flaws, piping and other mechanical defects. 

The inspection of shell steel, as many plants 
found to their sorrow, was an exceedingly rigorous 
operation, and the care taken did not stop here 
with the mere mechanical tests, but one crop end 
in each melt was painted red as a distinguishing 
mark. When this end was broken off it was rescued 
from the remainder of the scrap, and drillings were 
taken for analysis. 

The forge shop, located conveniently near the 
shop in which the last operation was performed, 
is a spacious building, of which a view is given in 
Fig. 6, Plate VIIL, in which the operations connected 
with the production of the finished forging from 
the billets were carried on. The high-explosive 
shell in the smaller sizes, as is well known, has 
comparatively thick walls and a closed base, the 
loading being done from the nose, where the fuse 
is afterwards screwed on. The various operations 
connected with the production of the shell forging 
have to do with the piercing of the billet or making 
the hole, and at the same time drawing the billet 
out to the proper length. 

Various operations with which we are not con- 
cerned were next done in the machine shop, such 
as machining and nosing-in, which give the shell its 
finished form. It might be mentioned here, however, 
that a special precaution was taken to ensure 
absolute gas-tightedness of the base. The base 
was recessed for a base plug or plate of steel, which 
was inserted and securely riveted in. This feature 
gave additional security and prevented the pre- 
mature deterioration of the shell in the gun if by 
any chance a flaw or trace of piping remained. 

To return to the forging operation. The billets 
as they were received from the cutting and breaking 
department weighed about 158 lbs. and measured 
about 6 in. average diameter for a 6 in. shell. Each 
lot as it was received was piled at the back of the 
heating furnaces, care being taken to keep all billets 
belonging to the same heat number together, and 


The furnaces, of which there are 13, are of 
the continuous type; that is, they take the cold 
billet in at one end and deliver it at the proper 
temperature at the front. Oil firing was used, 
and very little attention was required to’maintain 
a uniform temperature. As the billets passed 
through the furnace they turned, reached the 
proper temperature, and were ready for piercing 
as they came to the front. Here they were picked 
up as required by means of tongs on overhead run- 
ways and swung into the forging presses. Six 
500-ton presses were required, and to serve these 
presses ten 200-gallon electrically-driven pum 
were installed in a separate building. The billet, 
now at the proper forging temperature, was dropped 
into the die and a centering ring placed on it to 
guide the punch. The piercing and drawing of 
the 6 in. shell forging were done in one operation, 
for as the punch descended it caused an upward 
extension of the metal out of the die. On the 
return stroke the punch was withdrawn and the 
forging forced out of the die by a kicker. It was 
then placed on another conveyor and removed to 
the cooling beds. 

The various heats were still kept separate, and 
when the forgings were sufficiently cooled they were 
again inspected, stamped with the heat number, 
and one picked at random for sawing up into test 
pieces. This completed the operations on the 
forging, and it was then ready for the shell shop, 
except when it did not come up to requirements 
as regards physical properties, in which case it 
was given a further heat treatment or normalising 
process, as it was termed. As was the experience 
at shell factories elsewhere, it was found that the 
distance apart of the shell forgings when cooling 
had a marked effect on the hardness of the forging. 
The heat was dissipated rapidly or slowly according 
as the forgings were spaced apart or more closely 
together, and it was often possible to control 
desired characteristics by this means alone. 

An enormous output of forgings was reached 
day in and day out at this plant, no less than 8,000 
6 in. shell forgings being produced on three presses 
per day of 24 hours at various times. This daily 
output would require a good-sized train of 20 cars 
for its removal. 
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Thermometer-Testing (Messrs. W. F. Higgins, 
B.Sc., W. Hugo, and A. Cooper).—All clinical ther- 
mometers have now to be tested at the National 
Physical Laboratory, and the provisions made for 
this purpose enable Mr. Higgins and his staff of 
a hundred women to deal with 30,000 thermo- 
meters a week. One more room has been taken up 
in Bushy House for the work, and another room 
for four more testing baths and a large work-room 
have been found in the administrative building. 
The new baths are made by Messrs. Baird & Tatlock, 
to the design of the Laboratory which itself made 
the older baths and has slightly improved the switch- 
ing arrangements for the bath heating (by electric 
mats). In the baths the thermometers are held by 
the spring clips (of phosphor bronze) of the cages ; 
they are afterwards waxed, engraved, etched with 
hydrofluoric acid, and blacked; the blacking is 
simply rubbed in with the aid of tissue’ paper. 
The pantograph of the Laboratory, which scratches 
the N.P.L. mark into the tested thermometer, has 
been provided with a ball pivot, and can thus be 
worked without exposing the links to any strain. 
These montonous operations are carried on in shifts 
of two hours’ length. For the standardisation of 
thermometers at higher temperatures, in the vapours 
of naphthalene, diphenylamine and other substances 
serviceable for constant temperature baths, some very 
simple apparatus have been set up. Each apparatus 
consists of a piece of vertical 14 in. gas piping, about 
5 ft. high, closed at the top, but communicating 
with the outer atmosphere through a prolongation 
of another piece of gas piping of smaller diameter. 
Underneath the pipe, which is heavily lagged, is a 
gas burner to vaporise the liquid or solid material ; 
when the material is liquid, a grid is fixed above it to 





separate from other lots. 


prevent its splashing. The thermometer is suspended 


by means of a brass boss or collar; these bosses are 
made in sizes increasing by 1 mm. in diameter ; 
the thermometer passes loosely through the boss 
and is held in position by a rubber ring slipped over 
the thermometer. With this simple method of 
suspension the thermometer can easily be fixed and 
removed, whilst the fitting into stoppers and the 
removal therefrom is a troublesome business. Most 
of the thermometer-glass tubing is manufactured by 
Messrs. H. Powell and is distinguished from other 
tubing by a blue streak. 

Radium and X-Ray Work (Dr. E. A. Owen, 


ps | M.A.).—The chief radium work has been the test- 


ing of samples of radium, obtained from different 
sources, for the Government. The samples may 
range in weight from about 30 milligrams upward, 
and the results of the tests are expressed in terms of 
radium bromide. The radium standard also con- 
sists of about 30 mg. of the bromide which is kept 
in a fine glass tube enclosed in a screwed-down, lead- 
lined steel tube. The practical methods of con- 
ducting these tests rely upon the determination of 
the y-ray activity of the radium salt in a sealed tube 
which will reach a minimum in about two months ; 
that time should hence be allowed for an accurate 
test. The comparison of the y-ray activity can be 
affected with the aid of an electroscope composed 
of a lead plate 3 mm. in thickness or completely 
surrounded by a lead cover of this thickness which 
will stop all g-rays (as well as a-rays) so that the 
radioactivity observed is entirely due to the more 
penetrating y-rays. The intensity of the radia- 
tion is estimated from the rate of movement of 
the gold-leaf electroscope, and this movement, the 
rate of leakage of the charge given to the electro- 
scope, depends upon the ionisation produced in 
the ionisation chamber by the rays from the radium 
salt which is held at a certain distance from the 
chamber. When the sample and the radium stan- 
dard are of about the same activity, the comparison 
can be effected within an accuracy of } per cent.; 
when the quantities compared differ considerably, 
the saturation of the ionisation may not be com- 
plete in the case of the smaller sample, and the 
result is unreliable. This defect of the direct 
comparison method is avoided by the balance 
method of Rutherford and Chadwick, which Dr. 
Owen has adopted. 

This method requires the use of an additional 
constant source of ionisation, a vessel containing 
uranium oxide. The y-rays from the radium 
standard enter the ionisation chamber A, the 
current of which is balanced by the opposing 
ionisation current from the uranium vessel B; the 
standard is now removed, and the sample brought 
up to A from the distance until balance is once 
more obtained. The estimate is based upon the 
distance. This approach is effected on a photo- 
meter bench, and the observer sits in front of the 
bench, 4 metres long, and slides the carrier for the 
sample which is attached to a wire until balance is 
established. Dr. Owen’s arrangements much facili- 
tate the observation; the electrometer light-spot is 
brought on to a scale near the handle, by which the 
wire is moved over its pulleys. and the earthing key 
of the electrometer is operated from the same place. 
The vessel A is a lead cylinder, resting on its circum- 
ference, and having a length (height) of 10 cm.; the 
diameter is about 15 cm., the wall thickness 3 om., 
and the cover, through which the y-rays have to 
pass, has generally a thickness of 1 cm., but that 
thickness can be varied between the ranges 1 mm. 
and 2 cm. The electrode inside the vessel A is an 
aluminium disc. The uranium vessel B is a bracs 
cylinder (surrounded by 3 cm. of lead), at the 
bottom of which lies a plate covered with uranium 
oxide; above this plate is an iris diaphragm, and 
further up the horizontal diec electrode. Both 
these electrodes are joined to the electrometer, but 
the two vessels are kept as far apart as possible, the 
distance being more than 3 m., at Teddington, and 
the long wire connecting A and the electrometer is 
encased in a stout lead tube (3 m. long), in which a 
fair vacuum of 1 or 2 cm. is maintained, lest the 
air surrounding the wire should be ionised by some 
external radiation. 

The work on X-ray examination of the clays* 











* ENGINEERING, June 6, 1919, page 726. 
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used for making glass-melting pots, to which Dr. 
Rosenhain referred in his discussion of “ Pot 
Attack,” is being continued in Dr. Owen’s laboratory. 

Optics Division. (Messrs. T. Smith, J. Guild, 
J. 8S. Anderson, W. J. Boxall, W. J. Stockwell, 
A. G. Williams, Miss A. B. Dale).—The sextant 
testing, of which Mr. Boxall has entire charge, 
and the testing of binoculars and telescopes (Messrs. 
Stockwell and Williams) do not claim so much 
time and patient work now, but the general testing 
work of optical glass, mirrors, prisms, and lenses, 
remains very heavy. We briefly notice some of 
the devices adopted. Pointolite lamps have re- 
placed the Nernst lamps as sources of light. For 
the simple homogeneity test of mirrors an arc lamp 
(carbons at right angles) is sufficient ; the light of 
the mirror is reflected on to a screen on which any 
scratches, polish marks, striae, &c., can be seen ; 
the apparatus can also be arranged for showing the 
homogeneity of glass plates by transmitted light, 
when a peculiar marbled effect may be observed. 
The flatness test is made with the aid of a quartz 
optical flat which is placed on the top of the plate 
to be tested. Above the two is the cylindrical 
box down which the monochromatic light of a 
quartz mercury lamp is sent by a mirror. The 
observer looking through an eye-piece across the 
box sees a number of fringe lines which will be 
straight and parallel to one another if the plate 
be perfectly plane in the direction of the fringe ; 
when the plate is turned in its plane, another system 
of fringes is seen, and in this way the surface of the 
plate is mapped out. To facilitate this work, a 
scale is marked on the quartz plate. The an 
interferometer of Messrs. A. Hilger, a kind of 
Michelson apparatus, serves for the examination 
of prisms and lenses and of optical combinations 
which are required to receive, and also to transmit, 
a beam with plane wave-front and to impart spherical 


wave-fronts to beams received with plane wave-. 


feonts. When a prism is to be tested for homogeneity 
and want of planeness, a parallel beam of mercury 
light (collimated) falls on a plane-parallel plate (which 
is silvered at the back) and is split, the greater por- 
tion of the light being reflected; the transmitted 
beam passes through the prisms under test on to 
a mirror and back through the prism ; the reflected 
beam goes to another mirror and back. The 
recombined beams are viewed through a hole in 
a diaphragm, and an image of this hole is seen 
surrounded by a system of rings, the distortion 
of which represents twice the distortion which the 
prism has impressed upon the wave-front. This 
distortion can be removed by local grinding of the 
prism faces at the respective points hit by the 
rays. In testing blocks of glass for strains, the 
specimen is placed between Nicols, and the image 
examined on a ground glass screen. Use is also 
made of a Bellingham-Stanley polarimeter and a 
Schmidt-Hansch spectrophotometer, but in these 
latter instruments the light-absorption is large. 
Curvature measurements are effected by three 
methods. Very flat lenses are examined with 
a moiification of the Newton-ring method. The 
green mercury line is used, and the light reflected 
down a vertical tube falls on an optical flat and 
the lens underneath it; this arrangement avoids 
the complication of the observations by the magni- 
fication due to the lens, which would enter if the 
lens were placed on top of the flat as is usual. For 
sharper curves the Guild spherometer is used, which 
we illustrated last year.* Curvatures of very short 
radii, down to 3 mm., are examined by measuring 
an image in terms of an eye-piece scale plotted 
against a surface of known curvature. Angle 
measurements are made with the aid of gonio- 
meters, or, in the case of prisms of 60 deg. particu- 
larly, with the aid of two telescopes and . 19 colli- 
mator to be arranged symmetrically about a small 
table, on which the prism is placed. When one 
telescope has been adjusted with the aid of its 
micrometer for the wire cross with respect to one 
face of the prism, the prism is turned with its table 
until the second face appears in the same direotion ; 
the observations are repeated, and averages are 
taken of these and the other measurements, of which 
the instrument admits, which generally agree 
within seconds of are. The Pulfrich refractometer 





* ENGINEERING, August 16, 1918, page 178.. 


and the modification this instrument is undergoing 
at Teddington were referred to last year. When 
working with monochromatic light a wide slit and 
a vertical cross line are preferred to the narrow 
slit and horizontal line, and the violet hydrogen 
line is filtered through cobalt glass to get rid of 
the satellites. 

We mention finally a modification of the method 
for testing camera-shutters for speed. The source 
of light is a pointolite lamp; an image of the 
point source is thrown, by a rotating mirror, through 
the shutter on to a photographic film. The mirror 
belongs to a galvanometer which is in circuit with 
a battery of about 5 volts and a tuning fork, so 
that the image of the source describes a sine-curve 
of light ; this curve is received on a film, which is 
wound on a revolving drum. The number of fork 
vibrations being known, the number of waves on 
the film gives the speed of the shutter action. In 
the old arrangement the trace was received on a 
dropping photographic plate, and part of the trace 
might be lost by falling beyond the plate; on the 
film drum the number of waves can be counted, 
even if the trace should fall on the line where the 
film edges join. 





SOME DEVELOPMENTS IN AIRCRAFT DESIGN 
AND APPLICATION DURING THE WAR.* 
By the” Right Hon. Lord Wem or Eastwoop, P.C., 
Honorary Fellow. 

(Concluded from page 99.) 

Part III.—ProcGress tn EnGiIne Desien. 


Before 1914 it may be said that aero engine design 
had merely reached the stage of sufficient reduction of 
weight/power ratio to enable aeroplanes to fly. Beyond 
this, practically no special adaptation to aeroplane 
requirements had been attempted. The development 


Fig.39.PETROL SYSTEM 
ENCINE 





Long before the end of the war the power requirements 
of some aeroplanes and seaplanes had far outstripped the 
possibilities of any one engine, so that machines ing 
two, three, four, or even more engines, were in service 
or being built. 

An important factor affecting aero engine develo mt 
is the time which is required to produce a new ign. 
Generally about eighteen months would have to elapse 
between the commencement of the design and a useful 
flow of reliable production engines. During most of this 
period no useful practical experience can be obtained 
as to the qualities or defects of the new design, and by 
the time bulk experience of its behaviour in service is 
available, it is necessary to supersede it by another more 
advanced type. Less than half the time is required for 
the development and trial of an aeroplane design, so 
that the aeroplane is generally well ahead of the engine 
for which it is dedgnel. 

In 1914 our aircraft engine position was by no means 
satisfactory, and we depended for a large proportion of 
our supplies on other countries, principally on France, 
whose Gnome and Renault engines were pre-eminent. 
Great efforts were immediately made to extend our sources 
of design and supply, and by the end of the war British 
o—- had gained foremost place in design, and were 
well up to requirements as regards supply. 

Many of the earlier designs were considerably influenced 
by previous automobile engine practice, but a wide 
divergence of design and detail soon took place due to 
the entirely different nature of the conditions to be faced. 
In automobile practice silence and good carburation over 
@ wide variation of speeds and loads were the most 
important features, whereas those points are of small 
importance for an aircraft engine. The task of the aero- 
engine designer was still further complicated by the fact 
that the order of importance of the various features of 
the engine is different according to the class of machine 
for which the engine is being designed. Certain entirely 
novel conditions had to be met and their attendant 
difficulties overcome. For example, an aero engine must 
have the ability to function in practically any ition 
and, for a time at least, when completely inve . This 
requirement has had a far-reaching effect on the lubri- 
cation system of aero engines, as it practically precludes 
the carrying of oil in the crank-case. 

The shape of the engine is a matter requiring careful 
consideration for aircraft, as head-resistance, accessibility 
and small moment of inertia are all features of con- 
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of the aerial arm in the war, however, speedily emphasised 
the importance of other factors. The extension of the 
range of operations and the losses of machines, due to 
engine failure, raised insistent demands for greater 
reliability, whilst the necessity for easier maintenance 
called for engines of greater all-round accessibility. 

The rapid pro of flying skill and the adoption of 
aerial acrobatics in fighting created a demand for engines 
of short length and quick controllability. 

The desirability of carrying out reconnaissance un- 
troubled by enemy attack or anti-aircraft fire focussed 
attention on the necessity of increasing the ceiling or 
maximum height of operation. Coping with this most 
important requirement again produced an improvement 
of the weight/power ratio, and the ceiling of approxi- 
mately 7,000 ft. in 1914 was increased to nearly 30,000 ft. 
by the beginning of 1919. It must be remembered also 
that the diminished density at great height decreases 
the amount of oxygen taken into the engine, and therefore 
the power which the engine can deliver. At 15,000 ft., 
for instance, a 300-h.p. engine can only deliver about 
200 h.p. 

The extension of bombing activities at long ranges 
emphasised the importance of the study of the fuel 
consumption which, for a flight of 6 hours, amounts to a 
large weight per horse-power. The question of the 
thermal efficiency had therefore to be studied in con- 
junction with the weight-power ratio, so that engine 
speeds increased whilst the aerodynamic requirements 
of the machine demanded reduced propeller speeds. 








* Paper read before the North-East Coast Institution 
of Engineers and Shipbuilders, July 10, 1919. 








siderable importance dependant on the shape. The wide 
ranges of temperature and oye through which an 
aeroplane may pass affect the carburation, the cooling 
system, the lubrication system, and even the ignition, 
to @ very serious ee An aeroplane may undergo a 
very rapid change of as much as 75 deg. F. in tempera- 
ture, combined with the maximum difference in moisture 
content of the air. With water-cooled engines, therefore, 
it has been found n to put a thermometer in the 
circuit and fit the radiator with blinds operated by the 
pilot, and even with such accessories the maintenance 
of the water at a constant temperature has often been 
@ matter of great difficulty, and has thrown a heavy 
responsibility upon the pilot. At the same time evapora- 
tion losses must be reduced to a minimum, as the amount 
of water lost on long journeys is an important feature, 
so much so that it is true to say that the Atlantic could 
not be flown to-day with any of the water-cooling systems 
that were deemed sufficient at the outbreak of war. 

The intense vibration due to the conditions of high 
speed and lack of rigid support under which aero engines 
must work impose new and severe conditions mechanically 
on every part. The violent and varying slip stream 
from the propeller alsoimposes a new problem as regards 
carburettor intake conditions, where again the serious- 
ness of fire risk has to be taken into account and avoided. 
Probably no detail of the whole engine process has 
received more expert and prolonged attention than the 
ignition, and much of the increased reliability and 


efficiency of the modern engine undoubtedly results from 
this work. 

The very severe centrifugal and inertia effects which 
are experienced in aerial fighting, coupled with the 
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necessity under such conditions of immediate response 
to the throttle, have necessitated careful design of the 
petrol supply system to ensure a constant and adequate 
supply of fuel. 

n addition, the length and ramifications of the fuel 
system have increased considerably with the growth in 
the size of machines and in the number of engines. 
Fig. 39 shows a typical lay-out of petrol system for a 
large modern multi-engined machine. The main tanks 
are numbered 1, 2, 3, 4, 5 and 6, and have a combined 
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gravity tanks overflow through return pipes into the | four cylinders (three connecting rods to each crank-pin), 


main collector. In these pipes flow indicators are fitted 


and weighing only 1-86 Ib. per horse-power dry weight. 


in order that the engineer may see that the system is; In addition to placing cylinders in line, designers have 
properly working. After the main tanks are empty and | from the earliest days of aero ow: been attracted by 


no more petro! is supplied to the distributors the petrol 


the scheme for mounting all the cylinders radially around 


flows from the gravity tanks into the junction boxes|a common crank. By this arrangement the length of 


which ensure a further 60 gallons. 
boxes are fitted with indicators to show the pressure or 


The two junction | crankshaft and crank-case is, of course, reduced to a 


minimum, and there have been engines with three, 


head of petrol supplied. They are also fitted with relief | five, six, seven, nine, ten, and fourteen cylinders in one 


valves discharging back into the collector. 





The collec-| or two planes. Of this type the Cosmos Company have 








ox: 








Fig. 40. 230 “ Puma” (SmppELEy). 
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capacity of 1,800 gallons of pet. These six tanks 
feed by gravity to the main collector which is situated in 
the engineer’s cabin. In each of the pipes between the 
collector and tanks is fitted a non-return valve to obviate 
any possibility of the petrol running from the top tanks 
into the bottom as these six tanks are not all on the same 
level. 

From this collecting box the petrol is lifted by five 
centrifugal pumps, which are shown below, into the 
junction boxes, which feed the engines. These centri- 
fugal petrol pumps are driven by airscrews which are 
placed in the slip stream of the propellers in order that 
the petrol shall be pumped up whilst the machine is 
stationary. If these pumps should fail to act the petrol 
can still be lifted to the junction boxes by the hand 
pumps shown one on each side just above the collector. 

The two distributors or junction boxes feed the engines ; 
that on the left feeding the four bottom engines, whilst 
the other supplies the two top engines. As the petrol 
supplied to can distributors is more than that used b 
the engines, the extra amount passes up to four 1 
gravity tanks which will be seen in the illustration and 
which are situated in the planes. These hold about 15 
gallons each. As the excess of petrol continues the 


tor is also fitted with a 
large filter, through which 
all the petrol passes on its 
way to the engine. 

A great deal of progress 
has been achieved in the 
general arrangement of the 
engine and its cylinders 
so that the most effective 
use is made of all the 
material. With cylinders 
in line the deadweight loss 
per -horse-power will 
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rapidly decrease after the first cylinder, 
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but after | produced a 450-h.p. nine-cylinder air-cooled radial engine, 
about four cylinders the economy to be gained by | which weighs only 1-47 lb. per horse-power, or less than 
adding more cylinders practically ceases owing to the | one-third the weights of similar type French engines of 
increased size of crankshaft and bearings required to | 1914-15. 

resist torsion. This naturally leads to grouping the Radial engines include those of the rotary air-cooled 
cylinders in two rows in V form working on @ common | type, and progress in this type can be best indicated 
crankshaft, with two connecting rods to éach crank-pin: | by taking the French 80-h.p. Gnome of 3-26 lb. per 
Many such engines have been made with two rows of | brake horse-power, and comparing it with the British 
either four or six cylinders each. Further extension of | Bentley engine of 230 h.p., weighing only 2-165 Ib. per 
this principle has enabled Messrs. Napier to produce 4 | horse-power, a reduction of about oP on cent. in spite 
twelve-cylinder engine of 450 h.p., with three rows of ! of the tremendous increase in the centri 
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radial engines of large size, however, the increased head 
resistance is a serious objection, and it is not likely that 
this method of arrangement can be extended indefinitely 
as regards size. 

A saving in weight and great improvement in 
mechanical efficiency have been obtained by eliminating 
the valve tappet rods and substituting overhead cam- 
shafts operating directly on the valves. Further 
economies have been effected by the employment of 
aluminium for the cylinders fitted with either steel or 
cast-iron liners. Pistons are now universally made of 
aluminium, and the gain in mechanical efficiency has 
been of even greater importance than the saving of 
weight. Hundreds of other details have also been the 
subject of most exhaustive study and improvement. 











weather still remains the dominating factor in all flying 
operations. , 

During the war the whole of our aerial work was 
controlled by weather conditions, although in the later 
phases a vast amount of successful operations were 
carried out in weather which, before the war, would have 
been considered far too bad to allow of any flying at all. 
The problem of flying in anything like a thick fog or 
ground mist remains unsolved, and if flying in this 
country is}to be a real commercial proposition much 
solid research in this direction will be necessary. 

When the war s , navigation was dependent 
mainly on"map reading. Our machines were fitted with 
compasses, but these were of indifferent design, and 





could not be relied on unless the course could be fre- 











enables him to steer a straight course, even in these 
circumstances. 

At the time of the signing of the armistice we were 
training pilots in large numbers in the use of these instru- 
ments, and there is no doubt that the Germans would 
have had some unpleasant surprises a few months after- 
wards, when formations of bombing aeroplanes would 
have suddenly emerged from the clouds over the 
objectives when the inhabitants below might reasonably 
have considered themselves safe. Before any attempt 
could be made to attack them our aeroplanes would have 
been back in the clouds again and on their way home. 

Navigation by dead reckoning is, of course, dependent 
on meteorological observations and for us, therefore, 
a good meteorological service was a sine qua non. It 
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The question naturally arises, how is it that such 
results have been obtained in such a short time and 
in face of so many difficulties with regard to labour and 
material. In the first place, te result has been obtained 
by the free use of money ; the question of expense could 
naturally not be allowed to stand in the way of progress 
in this all-important matter. Money has been spent 
on research, on steels and other materials, processes of 
manufacture, inspection organisations, &c., and the 
amount of scrapping of material and parts not up to 
standard has been on a scale that no commercial firm 
could adopt, and live. The greatest credit is due to the 
steel manufacturers for the manner in which they 
collaborated with the Government on the evolution of 
special steels and the preparation of standardised 
specifications. The table on page 111 gives the principal 
particulars of some of the leading engines of to-day. 


Part LV.—-NAVIGATION AND METEOROLOGY. 


Although t strides have been made during the 
last year in the development of scientific navigation the 


160 BEARDMORE. 








quently checked by a direct 











view of the ground below. 

The design of an aeroplane 

compass presents special 

problems, and the errors involved in using a compass 

of the type used on ships had not been realised before the 

war. These problems were successfully investigated 

by the late Keith Lucas, who evolved a satisfactory 

aeroplane compass. This compass and subsequent types 
on its design were standardised. Even with the 

improved compass, navigation in unfavourable weather 

conditions still presents great difficulties. 

The very great advantages, especially in long-distance 
bombing operations, of being able to-fly for considerable 
distances through clouds were clearly realised, and a 
special research was undertaken to make this a practical 
proposition. Excellent results were obtained, chiefly 
due to the introduction of an instrument called the 
turn indicator. When flying in a cloud or a fog 
bank the pilot loses all sense of direction, but this 
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must be remembered that on the Western Front we had 
always this important disadvantage, that the prevailing 
wind was blowing from west to east, thus tending to 
drift our aeroplanes away from our lines and reduce 
their chances of getting back when in difficulty. In spite 
of this the vast majority of air fighting took place well 
on the German side of the lines, and, even allowing for 
the German raids over England, the amount of recon- 
naissance and bombing we carried out over German 
occupied territory was far greater than that attempted 
by them on our side of the line. Although, of course, 
the credit for this is mainly due to the magnificent spirit 
of our personnel, the effectiveness of our meteorological 
service had some effect in establishing our ascendancy. 

A few words may be added about the use of directional 





instrument used in conjunction with the compass 


wireless for navigation. The Germans used this method 
for directing their Zeppelins in the raid over England, but 
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the system they used involved the sending out of frequent 
signals from the airship to be picked up by the German 
wireless stations. The latter would then send out signals 
to the airship indicating its exact position. This system 


translation into the new channels of peace require- 
ments. 

The more immediate problems of international and 
domestic aerial legislation have now been provisionally 


action should be taken in regard to a few main routes, 
especially in countries with equable weather condi- 
tions, and especially in new countries, backward in 
rail development. 


PARTICULARS OF REPRESENTATIVE BRITISH AERO ENGINES OF EACH TYPE. MAY, 1919. 
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had the great disadvantage that we also could pick up the 
airship’s signals and thus locate its position. So we 
always knew where they were coming from, and arranged 
our defence accordingly. Our own system was for the 
aircraft to carry the directional coils, and by picking up 
signals from home stations, to locate its own position. 
Our apparatus was only perfected late in the war, but we 
counted on using it effectively in the projected raids over 
Berlin, to which I have already referred. With further 
research and development there are good prospects that 
directional wireless will be of the greatest value in the 
long distance navigation of commercial aircraft in the 
future. 

Future Developments.—Any reference to the future 
of aviation must necessarily be very brief and purely 
general in character. The rapid and quite abnormal 
growth in the technique and application of aircraft under 
the stress and artificial conditions of war-time must now 
give place to the more sober rate of development of 
peace time. 

Our peace-time Royal Air Force, as I visualise it, will 
become a relatively small organisation of remarkable 
efficiency with the highest ideals and with the keenest 
esprit de corps. Its materiel should represent the last 
werd in technical progress such as can only be achieved 
by considerable expenditure. Quality must be the 
keynote of its policy not only in materiel but also in 
personnel. 

An outbreak of war must see us with the very best 
designs of engine and aircraft, tried and tested, and 
with @ manufacturing nucleus on which war production 
may be readily expanded. 

In regard to civil aviation, one is naturally unhappy 
at the necessity of adopting the prophetic ~ a but one 
factor is clear and definite. Our Government must 
accept the heritage of war experience, and by action, 
support and sympathy, encourage and develop ite 





solved by the Interna- 
tional Aerial Convention 
and by the Civil Aviation 
Act, and itis very gratify- 
ing that in both these 
directions Great Britain 
has taken the lead and 
shown the way. 

In another direction 
much remains to be 
carried out quickly. Our 
great mercantile marine 
in all its technical perfec- 
tion would avail but little 
without our harbours, 
docks, lighthouses, charts, 
and navigational instru- 
ments. We ss fleets 
of aircraft of reliability 
and of great performance 
possibility, but our navi- 
gational facilities are still 
almost non-existent, and 
herein lies one of the main 
fields of action of our 
new Department of Civil 
Aviation. 











In all considerations for 
the future of Civil avia- 
tion, the two qualities of 
outstanding merit apper- 
tainable to the new form : 
of transport are speed and independence of action as 
against land transport requiring roads or rails. These 
constitute the only assets for any commercial future. 
Speed in transport is associated with high cost, 
and speed will always command a high value. Early 
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To such main routes would be. Egypt to India, and 
Egypt to South Africa. ae 3 
other early development with immediate possi- 
bilities will be the use of large flying boats for inter-island 
and coastal traffic, for example, in the West Indies 
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and New Zealand. The independence of the ay | boat 
in regard to costly aerodromes, and its higher degree 
of safety in regard to landing places is a factor of t 
immediate importance. The Government and the large 
existing transport companies, ap ee and railways 
might well collaborate in their early efforts, as the initial 
financial results will not be healthy enough for entirely 
new enterprises. 

Another aspect must not be neglected—the encourage- 
ment of the sporting and popular use of aircraft—and 
it would appear essential that the great number of war 
aeroplanes surplus to Air Force needs should be dis- 
tributed at a low price and as early as possible to the 
many small enterprises and even to individuals so that 
the community at large may have their present 
enthusiasm and interest in aviation maintained and 
encouraged. 

In technical development of design our Air Ministry 
must spend money by development contracts, as private 
enterprise will not be able to support the developments 
for some considerable time. This applies in particular 
to engine development. Attention should also be devoted 
to improvements in landing carriages and landing 
problems, also the reduction in fire risks. . 

In conclusion, it would a; that the future rate of 
development will depend almost entirely on the: per- 
missible rate of expenditure and on the efficiency of 
the outlays. 

I have to express my regret that lack of time has 
prevented this paper from becoming more than a series 
of somewhat disconnected notes, but it is hoped that 
these may prove to record some of the more outstandi. 
factors in one of the many great wonders of the worl 
war. 

I have to express my d debt of gratitude to 
Lieut t-Colone! Ogilvie and is Messrs. 
Bristow, Pip and Watts, for their invaluable 
assistance in the preparation of the paper, also to General 
Seeley, Under Secretary of State for Air, for permission 
to use the ———— of the different machines, and, 
finally, to the different aeronautical contractors for 
permission to use the photographs of,the different 
machines. 








CHINA’S POSSIBILITIES FOR THE 
CAPITALIST. 


To THe Eprror oF ENGINEERING. 
Sir,—With engineering and all industry threatened 
with extinction by the suicidal policy of labour, it is 
rhaps a matter of some interest to consider the possi- 
ilities of the profitable onan of capital in a 
country where the labour problem is non-existent, and 


where there is also an unlimited supply of raw material. 

Starting with the coal mining as the basis of all 
industry, the wages of the Chinese miner in a mid-China 
colliery are, approximately, 6}d. to a maximum of ls. 
per day, and rather less in North China, where the bulk 
of the coal is produced. Compare this with the daily 
wage of 12s. in force in England, and also consider 
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that the Chinese miner is a sober individual, to whom 
contracts are not made to be broken, and who is amen- 
able to a just discipline. Further, Chinese labour in this 
and all industries is unorganised, and strikes practically 
unknown. The usual hours worked are eight under- 
ground and ten on the surface. 

The cost of coal at the e head to the producer varies 
from ls. 4d. in the case of the Japanese-owned Fushun* 
mines in Manchuria, to about ls. 8d. in the case of the 
Kailan minesin North China. This is at pre-war exchange 
of ls. 8d. to the dollar at present worth nearly 3s. 6d. 

Coal can be loaded by hand labour if necessary at a 
cost of rather more than }d. per ton, into railway cars, 
and is carried as fourth-class at a cost of about 
44. per ton-mile. With regard to the cost of other labour 
essential to this and all industrial enterprise, the follow- 
ing wages are paid in North China :— 


Coolies 4d. to 6d. per day. 
Carpenters 6d. per day. 
Bricklayers 6d. per day. 
Masons ... 6d. per day. 
Fitters ... 10d. per day. 
Blacksmiths 10d. per day. 
Engine-drivers ... «+ le, 8d. to 2s. 6d. 
First-class clerks, &c. ... 41. per month. 





Labour, of , is not so efficient as in Europe, 
but this is not proportional in the least to the difference 
in rate of pay. All labour is worked on the petty contract 
system as far as possible, and if adequately su i 
and treated properly, is capable of turning out 
work. In some works notably the Sakako Works of the 
Japanese-controlled South Manchuria Railway system 
and the Peking Mukden Railway Works, a bonus system 
based on estimates, has been introduced with success. 
On this system and on the petty contract systems, super- 
vision of the quality of work done is the main thing, 
while in work carried out on a day basis, it is very 
necessary to keep a check on the numbers employed 
as well—a matter of great difficulty in China. 

With regard to the capability of skilled labour, masons 
and bricklayers are poor, but can be trained to do decent 
work, carpenters do as well as can be expected from 
the rather a. tools used by them, and can be 
trained to do work which will compare favourably with 


* This cost has lately increased, but. cost in North 
China remai tat vy: 
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that turned out in Europe. Fitters and blacksmiths are 
of quite average ability, and the Chinese make quite 
capable engine-drivers. As electricians they are poor 
for work of finer quality, but men are easily obtainable 
for ordinary routine work, wiring, &c. erally, 
labour in China is possessed of a high order of intelligence, 
is ong and contented, but incurably lazy if opportunity 
offers. 

There is an unlimited supply of the cheaper skilled 
labour, and an ever-increasing supply of the mechanic 
class due to the numbers trained by the various railway 
shops all over the country, where a certain amount of 
European foremen are employed. From the running 
departments of the railways the white driver has entirely 
disappeared. It should be said that the cost of labour 
in Hongkong and South China, is about 100 per cent. 
more than in North China and on the Yangtse Valley, 
50 per cent. more. 

urning to the question of materials of construction, 
bricks of fair quality are available in all the treaty ports, 
and away from these places the soft blue native brick 
can always be obtained. This brick is porous and under- 
burnt, but if used with a rubble footing, is satisfactory 
enough, and is universally used. Excellent cement is 
obtainable all over China, the two chief brands being 
those of the Green Island Cement Company of Hong 
Kong and the Chee Hsin Cement Company of Tangshan, 
North China. The price of the latter cement is about 
2l. per ton on_cars at the works. Lime is universally 
used by the natives, and can be obtained practically 
everywhere, the price in North China being from 
5s. to 6s. per ton in the coal districts; it is almost 
without exception non - hydraulic, and makes poor 
concrete, but is satisfactory in mortar, ally 
with a slight admixture of cement. In foundations of 
buildings, especially in new banks, very large use is 
made of what is known as lime and mud concrete, which 
is merely a mixture of 6 of mud to 1 of lime rammed in 
6-in. layers. Fireclay is obtainable in the coal districts 
and costs about lJ. to 10s. per ton in North China, 
according to locality. 

Timber is very expensive, and its use should be avoided 
as much as possible, as the great extremes of temperature 
in most parts of China cause rapid deterioration. At 

resent the cost of Oregon pine is about 7l. per 1,000 

.M., while that of Manchurian timber, which is not as 
good as Oregon, but is good enough for most purposes, 
is 51. per 1,000 B.M. 

Roofing material is a great problem, as galvanised 
iron, the best, but not entirely satisfactory, has reached 
the enormous price of nearly 9s. a sheet, or about eight 
times its pre-war figure. Of other coverings, cement 
tiles locally made are the cheapest of all, and are very 
largely used. There is also some demand for patent 
roofing felts. Owing to extremes of temperature, most 
roofs eventually leak in the very heavy rains, which are 
usual in the country. 

Manufactured iron and steel is at present enormously 
costly, as all the local product is taken by — China 
being practically dependent on America. inary bars 
cost about 28/. per ton, rails 25/. per ton, and steel plates 
as much as 80. per ton. Fhe great possibilities of steel 
manufacture in China are perhaps not sufficiently 
realised in Europe. As pointed out above, there is an 
unlimited supply of cheap labour, and there is abundant 
raw material. Lime stone, quarried under most primitive 
conditions, without rock drills, modern explosive or 
efficient transport, costs in North China about ls. per 
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ton. There is abundant coal of the coking variety, which 
is sold to the railways, who have special* rates, at 6s. 8d. 
per ton for lump, and 3s. for dust coal from which coke 
can be made, and which can be used for steam raising. 
The ore deposits of North China need investigation, but 
rich deposits are believed to exist within economical 
reach of the coal fields worked. The following is an 
estimate made by an American authority of the cost of 
production of steel at the Penchihuf Steel Works in 
Manchuria—a concern under Japanese management, but 
in which conditions would not differ greatly from those 
in North China :— 


Materials— a. d. 
Ore, 1-9tons . 9 0 
Coke, 1-25 tons 6 2 
Flux, 0-52 tons 1 0 
Materials for 1 ton pig-iron... 16 2 cost. 
Labour and Office Charges— a 
s. da. 
Labour, per ton eco 40 
Operating stores, per ton 3 6 
Salaries, per ton ove ape 0 5 
Miscellaneous ove . 21 
Total labour cost per ton . oo B®. @ 
Total cost of 1 ton pig-iron o- 2 2 


This estimate is based on the assumption that Chinese 
labour is half as efficient as that in the United States. 
Purther, this cost of materials is about double that in 
North China for coal and flux, while that for ore is 
certainly on the safe side, judging from the fact that 
Japanese-controlledt ore mines on the Yangtse Rivers 
where wages are higher than in North China by 50 per 
cent., bring the ore to the river bank for 4s. per ton, 
including 5 miles of rail transport, and it is stated that 
this could be reduced. 

When it is considered that the price of pig-iron manu- 
factured in England has reached the abnormal figure of 
over 8l., that manufactured iron is up to over 16l. per 
ton, and that production costs are not likely to decrease 
with labour in its present frame of mind, it would appear 
to be worth while considering steel manufacture for the 
East in the East. The only ible competitor is J ~ woe 
who is mainly occupied with her own needs, and whose 
product is inferior. Further, in this way the extinction 
of British trade in the Far East as the result of American 
competition (which works untrammelled by labour 
troubles, and with the advan of half the sea distance), 
would be prevented. In addition, British steel manu- 
factured in China would be in a position economically to 
supply much of the needs of our Far Eastern possessions, 
and would render possible the development of the ship- 
building industry of Hongkong, now handicapped by 
imported steel and coal at 31. per ton. 

ith regard to the question of suitable locality for the 
foundation of a steel industry, the first essential is, of 
course, the proximity of a large and certain coal supply, 
and this at present is only obtainable in North China 
on the Peking Mukden Railway, or in the neighbourhood 
of Hankow, on the Yan oa Land in a suitable 
locality on the Peking Mukden Railway could be pur- 
chased, for 601. an acre, but to buy land outside the 
limits of foreign concessions the co-operation of Chinese 
capital, or of a sino-foreign§ concern already holding 
land, would be required. Land free from these restrictions 
in the neighbourhood of a treaty port, like Hankow, 
might cost six times as much. The most suitable locality 
from ev point of view, except that of supplies, is 
undoubtedly the colony of Hongkong, where we lease 
nearly 400 sq. miles of land, but the development of 
Hongkong industrially depends on the speedy completion 
of the Canton Hankow Railway, which would secure— 
on development—an adequate supply of all the essential 
raw materials of industry. At present it is a 
by very expensive c imported from either North 
China or Japan, and the necessity to import practically 
all essentials except cement. 

Lastly, it should be said that America is already 
beginning to realise the possibilities of manufacture in 
China, and has already initiated two or three enterprises, 
of which the factory for the manufacture of electric 
lamps in Shanghai is the best known. If we wish to retain 
our hold on trade in the Far East, and thus take a hand 
in the huge and profitable work of the development of 
China, similar experiments should be tried without delay. 


Yours truly, 
June 2, 1919. An EnoGuisn ENGINEER IN CHINA. 





UNIVERSITY “MATHEMATICS FOR 
ENGINEERS.” 
To THe Epriror or ENGINEERING. 
Smr,—The Britieh engineering student is by no means 
intellectually inferior to his Continental and American 
rivals; but I am afraid he is still being seriously handi- 
capped by inferior teaching. His mathematics, for 
example, he generally gets from some university man 
who is (or pretends to be) incapable of seeing anything 
wrong with the teaching that has been usual in this 
country. I have written on this matter to many of our 
universities and technical schools; but (with one 





* The ordinary retail price for coal is 8s. 4d. for dust, 
138. 4d. for lump, 208. for coke, but this is for small 
quantities, and for 80 miles rail haulage. 

t Works using 70 per cent. to 40 per cent. ore with a 
daily output of 250 tons. 

¢t Steam navvys as employed in England would 
probably reduce ore costs considerably. 


§ Such as the Chinese Engineering and Mining 


a in North China, and the Peking Syndicate 
in 


kow district. 


honourable exception that I am not at liberty to name) 
they all seem determined to go on mi ing their 
students with erroneous i in preference to 
admitting that they have done so hitherto. 

A striking example of this “university spirit” is 
afforded by the University of London. One of its 
lecturers in engineering mathematics has just published 
@ book on the subject ; but, on my drawing the attention 
of the university to the matter that I deal with in the 
next paragraph, I merely received an evasive ply 
(more worthy of politics than of mathematics) with a 
clear intimation that they object to having their teaching 
corrected by me. 

In the section of the book that deals with “‘ Simpson’s 
rule”’ (that is, Simpson’s first or one-third rule), the 
student is told that the rule gives perfectly correct 
results when the portions of the curve between the ordi- 
nates are straight or parabolic. Accordingly, to take a 
very simple example, - would think that the area under 
the parabolic arc of y = / x from z = 0 to a = 2 is 
+ (0 + “2 + 4) = 1-8047 correct to five figures. But 
this is not even correct to two figures; for (as is easily 
eres by integration) the proper five-figure value is 

In place of the misleading statement here referred to, 
I would state the following fact that does not appear 
to be generally known to our teachers of engineering 
mathematics, though they will easily be able to prove 
it :— 

“Simpson’s one-third rule gives perfectly correct 
results when the portions of the graph cut off by the odd 
ordinates have equations of the form y = az + ba® + 
ex + k, where a, b, c or k may be positive, negative or 
zero ; but it does not give perfectly correct results when 
any higher power of z is introduced into this equation, 
except when the new index is odd and the extreme values 
of x are numerically equal.”’ 

We shall, accordingly, get a perfectly correct result 
by using the rule, with three ordinates only, for y = 25 
between any two values af z, or fory = 2% + 25 between 
z= —2andz 2, but not under any circumstances 
for y = 22 + a4. 

With your permission, I will later on deal with some 
other and more serious errors in our university teaching 
of mathematics for engineers. The first of these will be 
in connection with the hyperbolic functions, where 
British engineering students are being misled, while 
Americans (and probably Germans also) are being 
taught quite correctly. 

Very respectfully, 
W. F. Dunton. 

165, Tamworth-road, Newcastle-on-Tyne. 

July 21, 1919. 





GAS CYLINDERS. 
To THE Eprror or ENGINEERING. 
Srtr,—There is a printer’s omission in the last para- 
graph of my letter in your currentissue. As this omission 
eaves the paragraph somewhat ambiguous, I wish to 
point out that after the word “‘ Government "’ my letter 
should read as follows :—‘“*. . . will follow the example 
of France and sell or even hire their surplus cylinders to the 
on reasonable terms.”” The words in italics are 
those omitted, and I shall be obliged if you will pub- 
lish this correction. 
Yours truly, 
K. 8. Murray. 
(The British Oxygen Company, Limited. ) 
Elverton-street, Westminster, 8.W.1. 
July 21, 1919. 





A THEORY OF THE FLOW OF WATER 
OVER A CANAL WEIR. 
To THe Eprror or ENGINEERING. 

Stm,—The formula for calculation as to the discharge 
over a simple weir in a still water reservoir, seems to 
give fairly satisfactory results, but the formula for the 
discharge over a canal weir does not seem to yield results 
that are satisfactory. The formula for canal weirs is 
arrived at by taking into consideration the velocity of 
approach, and by adding this to the formula for dis- 
5 ae over a simple weir from a still water reservoir. 
If the velocity of approach was the only difference 
between the two cases, the existing formula would pro- 
bably be the best procurable, but there seems to be other 
differences which may possibly account for the formula 
proving unsatisfactory. 

The water flows from the reservoir without any swirls 
appearing on the surface, and the flow may be said to be 
non-sinuous motion not only when the water passes 
over the weir, but when it flows towards the weir. The 
water flows in a canal in turbulent motion and swirls 
are seen on the surface, consequently the motion of the 
water in the canal has to change from turbulent to non- 
sinuous motion when passing over the weir. There is 
also a change of the relative velocity of the upper and 
lower layers of the water. When the water flows in a 
canal the velocity of the upper layers is greater than 
that of the lower layers. en the water flows over 
the weir the velocity is least on the surface and greatest 
at the bottom, consequently there must be a consider- 
able increase in the velocity of the lower layers before 
the water can over the weir. There is also a gradual 
decrease in the surface fall of the water from some 
distance above the weir, and just above the weir the 
surface is practically level. If this latter uliarity is 
not pe cha for, when designing the weir, the bed of the 
canal is scoured out and the surface is lowered, which 
seriously affects irrigation, when the surface fall is about 
1 ft. per mile or over. This lowering of the surface level 
ceases when the natural conditions of flow over a weir 





have been obtained. 


As the difference between the flow of water over a 
reservoir weir and a canal weir is not a mere difference 
of velocity of approach, it seems advisable to discover 
some rational theory that accounts for the difference, 
in order that it may be e to construct not only a 
new formula for discharge, but also for the height to be 
added to the canal weir, in order to obtain the necessary 
level for irrigation in the canal above the weir. 

For various reasons it would seem that in order to 
obtain a theory, the question of resistance to flow must 
be gone into. 

hen water flows from a still-water reservoir over a 
simple weir, there is no observable surface fall except at 
the weir itself, the surface is smooth and unruffied by 
eddies on the surface, consequently the flow is not in 
turbulent motion. The flow is what may be called non- 
sinuous throughout, and the ordinary resistances seem 
to be absent. Force is, however, required to overcome 
the inertia of the particles that fall over the weir; fresh 
particles are constantly being moved, and work is con- 
stantly lost in overcoming the force of inertia, not only 
when the particles are first moved, but also when the 
velocity of the particles is increased. The water flowing 
over the weir may be said to do work in overcoming the 
resistance due to inertia. If it were not for this resist- 
ance the water would flow over the weir at a great 
velocity. The force of inertia on each particle is pro- 
bably extremely small, but collectively considerable. 

When the water flows over a canal weir, the water 
being in motion, the inertia due to the initial movement 
of the water has not to be overcome, and consequently 
the velocity at the weir would be increased; but the 
water flows towards the weir in turbulent motion, which 
must cease before the water can flow over the weir in 
non-sinuous motion. Little is known of turbulent 
motion except that it is due to eddies or puffs of water 
that start from the bottom layers of the flowing water 
and come to the surface at some distance down stream 
from their place of origin. If it is assumed that the 
draw of the weir stops the action of the puffs, by de- 
creasing the cy in front of the particles of the 
lower layers of the flowing water, and thereby increasing 
their v nor there would be no greater resistance than 
that caused by increasing the velocity of the lower layers 
of the flowing water. 

At the section in which the puffs cease to form, the 
velocity of the bottom layers of flowing water would 
increase considerably, and the layers above would still 
be under the influence of the resistance due to the pufis 
that start — up. As the water flows towards the 
weir the pufis come to the surface, and less water is 
retarded by them, ew the mean velocity of 
the water increases towards the weir. As the resistance 
due to turbulent motion ceases, the surface fall, which 
may be said to be required to overcome the resistance 
due to turbulent motion, will cease also. The resistance 
a little above the weir will be due to the puffs that still 
rise to the surface, and as there is no surface fall the 
water would come to rest if it were not for the draw of 
the weir. 

The action of the water flowing over the weir may be 
shortly described as follows :— 

The draw of water flowing over the weir causes the 
resistance of the water, flowing in the canal, gradually to 
cease, which allows the velocity to increase from that of 
the canal to that of the weir, and gradually renders 
surface fall unnecessary. The surface fall being un- 
necessary, the bed is scoured out and the surface fall is 
increased all the way up to the canal reach, from the 
point where the surface fall commences to decrease. 

This theory does not seem to give directly a formula, 
but it seems to show that the velocity of approach should 
be the velocity of the canal above the portion which is 
influenced by the weir, and that any experiments taken 
to obtain coefficients should not made in troughs 
with hard unerodable beds which do not allow scour to 
take place, and prevent the natural change of surface 
fall above the weir. 

In order to obtain the height required to be added to 
the crest of the weir, to maintain surface levels for irriga- 
tion, it is necessary to find out the distance from the 
weir where the surface fall commences to decrease. 
This would seem to be the distance the puffs travelled 
before they come to the surface, and would depend on 
the surface fall of the canal above the influence of the 
weir corrected-by the depth, as, the less the depth, the 
less the distance travelled by the puffs in coming to the 

ace. 

It is often assumed that scour is due to the velocity 
being too great, but if it were so in this case the scour 
would increase as the surface fall increased, conse- 
quently there would be no limit to the scour, and irriga- 
tion would be affected very much more than it is. e 
surface fall above a certain amount would also be 
impossible unless the bed was lined with unerodable 
material. The theory of the flow over a canal weir 
described above gives a limit to the scour, as when the 
water has scoured the bed sufficiently to obtain the 
natural surface fall, no further scour takes place. No 
theory would seem to be correct unless it gave a limit to 
the inevitable scour. 

This theory of the water flowing over the canal weir 
necessitates a portion of the wetted sectional area being 
unrequired by the main stream of water flowing over 
the weir. This unrequired space is triangular in shape, 
being bounded by the bed, the face of the weir and the 
stream of water flow ing towards the weir, 

In this triangular space a current is formed owi 
the reduced pressure caused by the —_ velocity of the 
water as it flows over the weir; this current flows 
towards the weir close to the main current flowing over 
the weir and in the same direction: at the weir wall it 
flows downwards, and there is a return current along 


to 





This current is therefore continuous, and the 
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same water flows round and round the eyes a moons 3 
it is an entirely separate current to the main current, 
but it is mens Hs, impossible to find out the dividing 
line between the two currents, and consequently any 
ttempt to e the velocity of the main current of 
the water approaching the weir by means of current 
meters is not likely to be successful. The return current 
moves any particle of silt that may fall to the bottom 
along the bed to the place where the main current 
leaves the bed and commences to flow upwards, when 
the silt reaches this place the particles are lifted up into 
the main current in the same way as a piece of paper is 
lifted off the table by blowing over it. In the same way 
stones that may be rolled along the bed of the canal are 
lifted into the main current when re | arrive at the 
same spot. It follows from this that if the lifting power 
is too small, the silt will remain and a deposit of silt will 
form. 

The lifting power of the current will, according to 
Bernouilli’s theory, increase with the square of the 
velocity of the main current as it leaves the bed, and 
the velocity of the current in the triangular space will 
vary with the square of the velocity of the water just 
before it passes over the crest of the weir. 

The determination of the point where the surface fall 
commences to decrease, by means of surface measure- 
ments, is almost impossible; but as the point is just 
above where the main current leaves the bed, it is better 
to determine this point either by measuring the deposit 
of silt or else by heveving the place where the particles 
moved along the bed are lifted up into the current. The 
latter method presents little difficulty if the observa- 
tions are carried out in the clear chalk streams of 
Southern England. 





L. L. Wick#AM. 
July 10, 1919. 





ENGINEERING TRAINING FOR 
DEMOBILISED OFFICERS. 
To tHe Eprror or ENGINEERING. 

Sir,—With regard to the State scheme of University 
training for ex-officers and men of the Forces, I doubt 
whether in all cases the young men are being properly 
advised by the Army authorities. The following case 
came to my notice a few weeks ago. 

A young man who had been in an architect and 
surveyor’s office for about two years and had been in 
the Army for three or four years was recommended by 
the Army authorities to take a course in surveying at 
a certain institution, and the young man understood 
that this course was to equip him for earning his living. 
Some doubt having been exp as to whether he 
had properly understood his advisers, he approached 
them again, and they were still of opinion that this course 
would fit him for occupying some paying position. The 
idea that a course of six months or so studying and 
practis'ng the one subject of surveying was to fit a man 
for business seemed to me rather absurd, and I recom- 
mended the youth that the money to be spent on him 
should go towards a premium to a practising surveyor 
and valuer who could teach him a real business. It 
appears that this is a possibility in such cases. 

ut there must be a great many ex-soldiers who are 
taking advantage of the scheme under the belief that 
the training will equip them for occupying a position 
and earning a living. 

On the other hand, I know that some men are getting 
into engineering works and drawing offices to make 
sure of their practical —- and they are studying 

rivately, and with the aid of correspondence colloges, 
This is, I think, an excellent way, although I do not 
believe that this is as good as the training they might 
get in theory at any University. 

The subject is an extremely important one, and I 
think that it should be thoroughly ventilated in the 
columns of ENGINEERING. 

Yours truly, 


July 22, 1919. PractTicaL ENGINEER. 





REDUCED COAL PRODUCTION OR 
ECONOMY. 
To tHe Eprror or ENGINEERING. 

Sir,—At the last sitting of the Coal Commission, 
Sir Richard Redmayne indic«ted a line of action which 
if adopted in our homes and works would greatly minimise, 
if not entirely remove, any danger of industrial restrictions 
through reduced coal production. 

It is a business truism that where the demand for 
any commodity is in excess of supplies its price increases, 
and as the commodity in this case is coal the very base 
and foundation of all our industries, the seriousness 
of the ition is patent to every one, and therefore calls 
for individual action. It does not require any great 
effort of imagination to know that dear coal means dear 
iron, steel, copper, brass, &c., and thetefore the machines 
from which they are builtincreasein price proportionately, 
and such increase is further reflected on the price of our 
clothing, furniture, food, building material and, in fact, 
on every article we produce or buy. 

For steam-raising and domestic purposes we now use 
about 180,000,000 tons of coal per year, 25 per cent. 
to 30 per cent. of which can be saved by adopting the 
same om sense thods of proportions with our 
boiler furnaces and domestic fires as are in daily use in 
our manufactories. In the making of any commodity, 
from steel to bread, exact rules are followed and positive 
results are secured every time, but in handling our home 
fires and boiler furnaces chaos in the majority of cases 
holds sway, hence the loss of about 1,000,000 tons of coal 
per day. 

If our domestic 

1 sq. in. for each 





tes were made to give an area of 
sq. ft. to 9 sq. ft. of floor space, the 


exact proportions depending on window surtace, &c. 
and A. coal added to the fee in smal] quantities, and 
whilst the fires are bright, the cinders being used over 
again, fully 15,000,000 tons of coal per year would be 
saved. 

In our boiler furnaces, instead of supplying 18 lb. of 
air per pound of coal, we generally allow the air supply 
to reach 30 lb. or over, and instead of a furnace tempera- 
ture of 2,700 deg. we secure one of 1,700 deg., the radiating 
power of which is less than one-half that secured with 
the smaller quantity of air, and therefore we send nearly 
30 per cent. of the heat in the fuel up the chimney in the 
form of smoke and other ap of imperfect com- 
bustion, instead of into the boiler to produce steam. 

The above practice may be taken as alone ae ny ve 
for the loss of millions of tons of coal per year, but this 
is greatly increased by the lack of uniformity between 
the furnace areas and outlets for the gases in different- 
sized boilers, and until this defect is remedied little 
pro in coal saving can be effected. Any one 
sufficiently interested to go carefully into this subject 
will find a boiler 7 ft. in diameter has 1 sq. ft. of gas 
outlet for each 4 sq. ft. of furnace, whereas a boiler 
9 ft. diameter provides | sq. ft. of outlet for the 
for every 2} sq. ft. of grate, the proportions varying in all 
the intermediate sizes of boilers. 

Under the above general conditions it is impossible to 
secure uniform results as the ratio between grate and 
outlet is the factor which ‘decide both the duty and 
efficiency of a boiler, but here we have proof that 4 sq. ft. 
of pes is provided in one boiler to do the same work 
as 2} sq. ft. in another boiler of the same type, and yet 
we mble that a coal shortage is probably a possible 
condition which can be easily prevented and without 
cost. 

By a general reduction in grate areas in our boiler 
until the ————- of grate to outlet is 2 to 1, thicker 
fires could be worked, a reduction in excess air would 
naturally follow, and a higher furnace temperature be 
secured ; smoke would then be greatly minimised and 
an increased evaporation secured per pound of coal 
burned. 

If the eteam user and householder are not sufficiently 
alive to their own interests the Government should make 
the more scientific use of coal compulsory, and especiall 
in the working of steam boilers where the overall 
efficiency is very often below 60 per cent., whereas with 
properly-designed furnaces and careful stoking 80 per 
cent. efficiency can be exceeded. 

If the suggestions briefly outlined were put into 
practice a reduction in our coal supply could be ignored, 
as we should reduce our consumption by not less than 
50,000,000 tons per year, and by bringing the demands 
more in line with supplies the stability of the general 
trade throughout the kingdom would be assured, and 
the coal saving can be effected by united action, Why 


is it not done ? 
Yours faithfully, 
W. H. Casmey. 
Milnthorpe, Wakefield, July 7, 1919. 





EXxPANsION OF MoLYBDENUM.—As molybdenum wire 
how finds considerable application in the leads of X-ray 
tubes and for other purposes, Lloyd W. Schad and Peter 
Hidnert, of the Bureau of Standards (Scientific Paper, 
No. 332) have determined the thermal expansion of an 
exceptionally pure specimen containing 99-85 per cent. 
of molyhdenum between the temperature limits — 142 
and + 305 deg. C. The results obtained are expressed 
in two formule, the first of which may be used for the 
low temperature range — 142 to + 39 deg. C., and the 
second for the higher range + 39 to 305 deg. C. If 
Lo be the length at 0 deg. C., and Le the length at 
temperature ¢t, then Lr = Lo (1 + 5°15 ¢ x 10-8 4 
0-0057 2 x 10-6 ), and, secondly, Le = Lg (1 + 5-01: x 
10-6 + 0-00138 @ x 10-6). The probable error is said 
not to exceed 3 x 10-8 of unit length. 

Errect oF Frencn Rattway NaAtioONALisaTION.— 
In a manifesto published on June 2, the Federation of 
Railway Employees protested against the proposed rise 
in rates, and su, ited as an alternative the nationalisa- 
tion of all the French railways. Commenting upon this, 
the Journal des Débats of June 7, points out that a rise 
in rates is inevitable in view of the huge deficits on 
working—5} milliards fr. in 1914-19, and 3 milliards fr. 
for 1919 alone. But would nationalisation benefit the 
users of the railways or the Exchequer? It is easy to 
answer the question by comparing the working co- 
efficient of the State system, which was 120 per cent. 
in 1918, with 87 per cent. for the Midi, 85 per cent. 
for the Paris-Orléans, and 90 per cent. for the Paris- 
Lyons-Méditerranean. The State figure exceeds even 
those of the companies serving the liberated districts :— 
96 per cent. for the Est, and 112 per cent. for the Nord. 
A comparison has been made between the Ouest system 

urchased by the State and the Orléans system, which 

ve @ very similar traffic both in kind and length of 
haulage. The Orléans deficit for the last 10 years (1909— 
1918) reached 241 millions fr. If, instead of being 
worked at a working co-efficient ranging from 52-85 
per cent., the co-efficient of the Ouest had been employed 
(68-120 r cent.) the deficit would have exceeded 
1,200 million fr. From these figures the cost of complete 
nationalisation to the taxpayers may be guessed. The 
Federation, moreover, omits to mention that not the 
least of the causes of the actual deficits of the lines is 
the rise in wages of the personnel. Before the war 
the employees of the great railways earned about 
800 million fr. In 1919 they will share out nearly 
4 milliards fr., or an increase of 400 per cent. Arise in 
rates is unavoidable, and the increased revenue thus 
gained will be accompanied by the reduction of work 





owing to the general adoption of the eight-hour day. 





NOTES FROM SOUTH YORKSHIRE, 
SHEFFIELD, Wednesday. 

Iron ond Steel.—Ali extraneous affairs are over- 
shadowed by the strike in the South Yorkshire coalfield, 
which will have a disastrous effect not only on the steel 
and allied industries of the district, but on every phase 
of industrial and commercial activity. y many 
of the heavy trades are seriously affected, thousands 
having been thrown idle, and responsible men agree that 
a continuance of the trouble for a week will mean the 
closing down of every one of the big works, with the 
consequent unemployment of hundreds of thousands 
in Sheffield alone. Inquiries to-day show that Vickers, 
by strictest economy, hope to see the week out. At John 
Brown’s, many departments are already closed. Steel, 
Peech and Tozer have all their principal departments 
standing. Bessemer’s state their stocks of coal will be 
exhausted to-night. Cammell’s may last to the end of the 
week. Like reports come from all. As shortage becomes 
acute, department after department is shut down, 
leaving the most urgent till the last. The lighter industries 
—cutlery, edge tools, files, saws and the like—are better 
off. y are run by gas and electricity, but even 
these it is officially stated, are to be drastically curtailed. 
The Sheffield Electricity Supply Department state that 
they can carry on for four or five weeks on full load, 
and with restricted use by manufacturers, for consider- 
able period longer. Generally, however, the outlook 
is gloomy for both employers and employees. 

South Yorkshire Coal Trade.—The strike of the Yorks 
shire miners in consequence of the refusal of the Govern- 
ment to grant their demands for a full seventh, or 14-3 
per cent. advance, to make up for the reduction of hours 
under the Sankey award, has come as a bombshell upon 
the country. Few stocks were held either by manufac- 
turers or merchants, and business is absolutely at a 
standstill. The following new quotations came into force 
on Monday, but in view of the situation, are merely 
normal. otations :—Best branch handpicked, 33s. 
to 34s. ; Barnsley best silkstone, 33s. to 33s. 6d. ; Derby- 
shire best brights, 3ls. to 32s.; Derbyshire house coal, 
28s. 6d. to 298.; Derbyshire best large nuts, 288. 6d. to 
29s. 6d.; Derbyshire small nuts, 278. 6d. to 288. 6d. ; 
Yorkshire hards, 28s. 6d. to 29s. 6d. ; Derbyshire hards, 
288. 6d. to 29s. 6d.; best slacks, 248. to 258. 6d.; nutty, 
238. to 248.; smalls, 198. to 20s. 





THE SITUATION IN GERMANY.—Mr. Arbel, a manufac- 
turer in the North of France, who had gone to Germany 
to recover his stolen machinery, relates with stupefaction 
what he saw there. Germany, he says, is economically 
stronger than before the war, for she has increased her 
means of production, both agricultural and industrial, 
by reason of the machinery she has stolen and even now 
continues to use. Her ironworks are formidable and 
work at high pressure, whilst two-thirds of the French 
ones are destroyed. Her crops are superior to those he 
has seen in France from North to South. Her farms 
are stocked with stolen cattle and horses. Thanks to 
her chemical knowledge she has made wonderful progress 
in intensive cultivation. Her workers and traders are 
at their posts, and their means of production formidable. 
Mr. Gustave Hervé, in La Victoire, warns France that the 
Germans seem to be the only people realising that the 
most intensive production can alone save the nation. 
Mr. Arbel is of the same opinion. Germany is working 
with a feverish activity, which we would regard with 
admiration if it did not threaten to submerge us. Why 
did not the Allies, especially the French and Belgians, 
make it one of the conditions of the Armistice that all 
stolen machinery should cease to be used? There is, 
perhaps, still time to bring forward this question. 





Inp14 48 A HarpwarRE MarkKer.—India is a i- 
cularly Pr grt market for British supplies of hard- 
ware of all kinds. Before the war, says The Board of 
Trade Journal, India’s imports of cutlery, implements, 
and tools (excluding agricultural and machine tools) from 
the United Kingdom amounted to nearly 300,000/. in 
value, and of hollow-ware, and sundry small hardware 
to 322,0007. In spite of the larger consuming power of 
the Indian Empire and the consequent increased demand 
for imported goods, Great Britain only succeeded, owing 
to difficulties arising from the war, in supplying such 
9 to India in 1917 to the value of 230,000/. and 

07,0001. respectively. The Indian market for builder’s 
hardware, such as | ing hinges, .door-bolts, &c., was 
worth annually about 150,000/. before the war, and this 
figure represents, approximately, the value of these 
imports in 1916-17, although actually the quantity 
imported works out at less owing to the increase in prices. 
In domestic hardware, including enamelled ironware, 
the position formerly held in the import trade by 
Germany and Austria has not been completely filled, 
although Japan has made enormous progress. Greater 
use has, of course, been made of home-manufactured 
substitutes for the foreign article. Nevertheless, a big 
business awaits the British manufacturer who can put 
a cheap article on the market. The British position has 
not been seriously assailed with respect to instruments 
and tools generally. Here it is a matter for Great Britain 
to continue to supply her well-known lines, keeping the 
— as low as possible in view of the competition of 

apanese and locally produced substitutes, and of the 
well-finished American specialities. In cutlery it may be 
said the market is waiting for the full resumption of 
British supplies. In addition to the light hardware 
goods indicated above, Indiai mports a total value of 
over 1,000,000/. worth of heavier hardware, including 
sugar mills, oil presses, water lifts, and dairy et 
over three-quarters of this trade belonging to the United 
Kingdom. Here again American and Japanese competi- 


tion is steadily increasing. 
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NOTES FROM THE NORTH. 
Giasacow, Wednesday. 

Scotch Steel Trade.—Business in the Scotch steel trade 
isjat a standstill this week, as all the establishments are 
on holiday. Work is to be resumed on Monday, 28th inst., 
but it is doubtful if operations will be in full swing until 
the end of next week or the beginning of the following 
one. At present some extensive repairs are being effected 
and plant overhaul is general. Before the holiday stoppage 
a large output took place, but despite that order, books 
are still well filled. The matter of prices is the serious 
question at present, and the outlook has not been made 
any better by the announcement that coal is now up 
6s. a ton. It was difficult enough before for some of the 
consumers of steel material to export their manufactures, 
but now the position, as regards exporting at any rate, 
is well nigh impossible. The result of the advance in 
prices of manufactured steel, consequent upon the 
Government increase in the price of coal, will be effec- 
tively to close down the most of our shipping trade. 
America, and, very soon, our late enemy, will be doing 
the bulk, if not all of the foreign business which used to 
be ours. Already quite a considerable amount of American 
material is finding its way over here, and further inquiries 
are now under consideration by the local agents. Buyers 
here say that they have been offered American steel at 
pounds per ton less than home prices. There is no doubt 
but that steelmakers are “‘up against it’ at present, as 
the problem is a most serious one. No definite intimation 
has yet been made as to the course which is to be followed 
but the position is being carefully considered. Had the 
miners’ conference at Keswich accepted the Government 
offer then, steel prices for the month of August were 
to have remained as at present, but now that the current 
price of coal has been advanced the steel quotations now 
ruling must necessarily be raised. 


Malleable Iron Trade.—On resuming after the holidays, 
the West of Scotland malleable-iron makers will have 
quite a lot of work’ to commence upon, and plant will 
be kept running steadily for sometime. Asin all other 
industries the increased cost of fuel will tell its tale, 
and prices must be raised. A pronouncement to that 
effect is expected shortly. 


Scotch Pig-Iron Trade.—The increased cost of coal 
has upset all calculations, and the consequent rise in 
prices may have the effect of reducing buying to some 
extent. No stocks were held before closing for the 
holidays, and practically nothing will be available for 
delivery before August 1. Revised prices will be inti- 
mated by the makers this week. 


The Coal Trade.—It was learned with sore interest 
here to-day that an announcement had just been made 
in the French Chamber that arrangements were being 
made to get large supplies of coal from America at prices 
under those quoted for British coal. ‘Taking coals 
to Newcastle” was a phrase often laughed at in bygone 
days, but now we have American coal being offered in 
this district. All the pits are meantime off on holiday, 
both in the East and West of Scotland, and rumour 
has it that the inevitable few extra days is very likely 
to be again taken this year. The total shipments of 
Scotch coal for this year to date is 4,041,016 tons, and 
for the same period last year, 4,560,469 tons, a decrease of 
519,453 tons. 





Breitise Coan Exports.—The Board of Trade 
announces that the Regular and Reliable List of Coal 
Importers in neutral countries is no longer in force, 
Applications for licences to export to firms or persons not 
included in the list will now receive consideration, subject, 
of course, to the available supply of coal. 

AIRCRAFT EXHIBITION IN AMSTERDAM.—-We read in 
The London and China Telegraph that an aircraft 
exhibition is to be held at Amsterdam early in August. 
Germany was anxious to be an exhibitor, but her goods 
were not accepted in order that England and France 
might take part. Holland has not a single aircraft 
factory of her own and requires many machines, especi- 
ally for Netherlands India. 

WaTER PowER IN Spartn.—Spain’s water power in the 
various parts of the country available for immediate 
use for electricity has been computed as follows by 
Espana Economica y Financiera:— 


Kw. 
Atlantic slope of Leon and Galicia 70,000 
Asturias ... oe out dink 40,000 
Santander ae ine th 30,000 
Ebro above Saragossa ... pes «+» 65,000 
Rivers of the Pyrenean slopes - 490,000 
Ebro from Saragossa to the sea 130,000 


Douro within Spain... ose --» 90,000 
Douro on the Portuguese frontier (falls) 150,000 


Tributaries of the Douro 50,000 
Tagus ... pe eae 110,000 
Tributaries of the Tagus 50,000 
Guadiana ae oils 5 ... 35,000 

Guadalquivir and other Andalusian 
rivers ... ne ben nal --. 40,000 
Juear and Cabril 2 90,000 
Other Mediterranean rivers . 60,000 
Rivers of minor importance 500,000 
2,000,000 


_ Certain American financiers, in co-operation with 
important units of the Constructora Naval, propose to 
found a company which will utilise ull the electric power 
in the countr, for the purpose of electrifying the whole 
railway system of Spain. The capital of the proposed 


company will be Pes.200,000,000. 








NOTES FROM CLEVELAND!AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Business in Cleveland pig- 
iron is practically at a standstill, and there cannot be 
resumption of activity until decision is arrived at as 
to what advances shall be made to cover increased cost 
of production, consequent upon the rise in coal, and the 
addition to value of Cleveland ironstone caused by the 
adoption of the seven-hours’ day at the Cleveland mines. 
Producers have decided not to alter for the present the 
fixed maximum selling prices of iron, but a rise appears 
imminent in the near future, as the increased cost of 
make is put at 15s. per ton. Current production of the 
better qualities is all disposed of, and, indeed, there 
seems little prospect of foundry iron being offered for 
sale to any eatent before next quarter, output to the 
end of September having been practically all disposed of. 
Holidays in Scotland have reduced home deliveries, and 
approaching local holidays will ease pressure for supplies. 
Under these circumstances licenses for export are being 
issued much more freely ; but they are of little or no 
use, as iron is unpurchaseable. Gesteteas are alto. 
ether nominal at 160s. for No. 3 g.m.b. and No. 4 
oundry; 164s. for No. 1, and 158s. for No. 4 forge for 
home consumption, and 5s. above these rates for export. 


Hematite Iron.—The position of the East Coast hema- 
tite branch is somewhat different. A feeling prevails 
that advances are not so necessary, as they are in Cleve- 
land iron, seeing that hematite rose 10s. only a week or 
two ago, and that since that fall in price of imported 
ore has benefitted makers, all of whom are very well 
sold. Nos. 1, 2 and 3 are put at 200s., and No. | at 
202s. 6d. for home use, and for export mixed, Nos. 
are 205s.; and No. 1 is 207s. 6d. 


Foreign Ore.—There is little passing just now in foreign 
ore, the abundant tonnage offering, and downward 
movement of freights having caused buyers to hold off 
in anticipation of further fall. Steamers Bilbao-Middles- 
brough are being chartered at 268., so that 558. c.i.f. 
Tees should be a full price for best rubio. 


Coke.—Sellers of coke have lost no time in raisin 
prices 9s. per ton, making medium blast-furnace kin 
48s. at the ovens, and low phosphorus quality 49s. 6d. 
at the ovens. 


Manufactured Iron and Steel.—There are good home 
and foreign inquiries in the market for finished iron and 
steel, but business is suspended pending revision of 
prices. Export rates are matter of negotiation, but they 
are certainly higher than the following nominal quota- 
tions for home use; common iron bars, 201. 10s. ; 
marked bars, 23/.; strip iron, 211. 158.; ship rivets, 
271. 10s.; steel ship, bridge, and tank plates, 171. 15s. ; 
steel angles, 171. 5s.; steel joists, 171.; heavy steel 
rails, 16/.; steel hoops, 231. 58; galvanised sheets, 
271. 10s. and block sheets, 22i. 





Cuite’s Great PorenTIAL Hypraviic PowrR.— 
A report published by the Commercial Department of 
U.S.A. draws attention to the fact that, through the 
medium of her immense reserves of hydraulic power, 
Chile has a great future as a manufacturing centre, and 
furnishes a large market for American capitalists and 
manufacturers. 


SoLpers ror ALUMINIUM.—The Bureau of Standards 
(Circular No. 78, by J. F. Meyer), has tested various 
commercial solders for aluminium, the compositions 
of which are tabulated. All soldered joints, it is stated, 
are subject to rapid corrosion unless protected from it. 
Suitable solders are obtained by the use of tin and some 
zine, or by both zinc and aluminium within wide ranges 
of proportions; the solders should be applied without 
a flux, and at a high temperature; the adhesion is said 
to improve with rising temperature of the tinning 
operation. The tinning mixture should be special for 
aluminium ; previously-tinned aluminium surfaces may, 
however, be joined with ordinary soft solder. A perfect 
union between solder and aluminium is difficult to 
obtain, according to this circular, and that is probably 
the general opinion ; it is different with welding. 


Rattway DEVELOPMENT IN BurMma.—The Govern- 
ment of Burma, says The Board of Trade Journal, has 
decided to encourage the development of railway com- 
munication by the adoption of the general British policy 
in the case of colonies—that in a country with a gener- 
ally scanty population and no towns of considerable 
importance, strategic points on frontiers and general 
trade routes, &c., should be linked up. It is thus caleu- 
lated to develop the country by first establishing the 
lines of communication—a policy for which, according 
to opinion in British India, there is ample scope also in 
British India itself, where, it is pointed out, the con- 
struction of feeder lines to the main lines on a wholesale 
scale should be prosecuted. The conditions for railway 
development in British India and Burma are very 
different from those in Australia and Canada, where large 
areas of useful land—arable, forest or mineral—are 
opened up by railways regardless of the uninhabited 
condition of the country. The assumption that rich 
territory, once opened up by means of communication 
will find its own development, is an axiom which, in the 
case of European populations, never fails. Conditions 
in India are different, in that ye or nges even when 
not apathetic, requires both education and capital, 
and the railways therefore hesitate to launch out in 
the matter of undeveloped areas, although these areas 
may urgently require means of communication for 
purposes of development. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Local Markets.—Labour troubles in the district 
continue seriously to affect the coal trade. The strike 
of tippers at the Bute (Cardiff) Docks has resulted in 
the suspension of loading operations since last Monday 
week, and efforts are being made by the men to spread 
the stoppage to the other ports in the Bristol Channel. 
The trouble has arisen over the dismissal of a number 
of tippers by the Cardiff Railway Company, owners of 
the Bute Docks, in consequence of a reduction in ship- 
ments, and this action, the men contend, is a violation 
of the minimum-wage settlement reached a few months 
back. A joint meeting of representatives of the Bristol 
Channel tippers has been held, and it was decided to 
meet again on Friday next, and in the meantime it was 
arranged that port meetings should be held to put the 
position before the men on the issue of recommending 
a aoe stoppage throughout the Channel on Monday 
failing a settlement. At the same time many of the 
eollieries, eapesetty in Monmouthshire, have been 
rendered idle owing to the surfacemen refusing to work 
until their hours are settled under the seven-hours’ day, 
while others are stopped in support of the Labour Party's 
demand for a withdrawal of troops from Russia. In these 
circumstances, business has been driven to an almost 
complete standstill, as operators are reluctant to enter 
into fresh transactions owing to the uncertainty of the 
outlook. The strike in Yorkshire is also aggravating the 
situation, for it is expected that South Wales will be 
called upon to meet the requirements of works in that 
district in regard to coal supplies, and this wik mean a 
further reduction in the amount available for export 
which has already been cut down owing to the decrease 
in outputs. News that the Americans had secured a 
contract to supply France with 100,000 tons of coal, 
and that the Norwegian Government had placed an order 
for 300,000 tons of United States coal, is also viewed 
with seriousness, for it is recognised that these markets 
which were practically exclusively United Kingdom 
markets before the war, are being lost simply through 
labour difficulties, and the policy which is being pursued 
of restricting outputs. Colliery owners have now been 
officially advised by the Board of Trade of the increase 
of 6s. per ton, making an advance of 19s. per ton, com- 
pared with the pre-war price, for coal for home consump- 
tion, and of an increase of 6s. per ton on the export 
schedules. This advance in export schedules does not 
affect current business, owing to the fact that for the 

t couple of months prices have been anything from 
0s. to 208. over the old schedules, though there are some 
contracts still running, which were fixed up some time 
ago, at which coals were sold at under a 6s. premium. 
In these cases, for all coals shipped on and after Monday 
last, the prices must be brought up to the schedule. 
Meanwhile prices are irregular and dependent on the 
individual position of buyer and seller. Some collieries 
are still fairly combentably situated, and indicate u 
to 65s. for the best large coals and 60s. has been paid, 
but others who are suffering from a lack of empty 
wagons are ready to make substantial sacrifices where 
spot shipment can be arranged. Small steams are worth 
round 458., with 50s. being asked. 


Newport.—Stoppages in the Monmouthshire coalfield 
have been particularly heavy during the past week, 
owing to the surfacemen and enginemen refusing to 
work until their position under the seven-hours’ day 
had been settled; others are on strike as a protest 
against the 6s. increase in coal prices, and others refused 
to work in support of the demand of the Labour Party 
for a withdrawal of troops from Russia. The frequency 
of the unauthorised stoppages are causing operators 
endless difficulty, for there is no certainty that after a 
transaction has been completed the coal will be forth- 
coming on the arranged date. Prices are very erratic, 
though Monmouthshire coals are relatively dearer than 
Cardiff descriptions, Actual prices, however, depend 
entirely on the individual circumstances of buyer and 
seller. For loading next week, sellers are asking 60s. 
for best large sorts, but for immediate shipment, conces- 
sions from 5s. to 10s. can be secured while smalls range 
from 40s. to 45s., according to quality. 


Iron and Steel Position.—The advance of 6s. per ton 
in inland coal prices has had a demoralising effect on 
these trades, and manufacturers are now busy in dealing 
with the effects of this increase. Makers, in view of the 
uncertainty of the future, are not disposed to take on 
fregh commitments, except for prompt delivery, and 
even in these cases, aro insisting on a clause to safeguard 
themselves against any further increase in the cost of 

uction, It is estimated that pig-iron prices will 
ve to be increased by 20s. per ton, and the South 
Wales Siemens Steel Association have temporarily raised 
bars 10s. per ton to 14/. In the tinplate trade the 
inquiry is poor and American competition is viewed 
with alarm. Standard sizes are offered at 33e. 3d. per 
box, and at the same time American plates are being 
landed in Liverpool at 31s. 6d. a box. 





Tue Lens Mines.—The pits at Lens, says Revue 
Générale de I’ Electricite, are flooded to the ground level, 
and at the lower level mines the water is flowing out 
over the ground, threatening flooding of the countryside. 
The Mining Society of Lens estimates that it will take 
18 months to pump out the water, and that the workin 
of the coal in the higher seams cannot be resumed unti 
the end of 1920. The complete restarting of the :nines 
of Lens and Liévin will take at least 10 years. ‘The 
powerful pumps required have been on order for a long 
time. They will operated electrically, and the 
electric supply will be taken from the generating-station 
at Harnes. 
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EXACT DETAILS OF THE 


PERFORMANCE OF 100 TYPICAL COLLIER 








































































































































































































(For D, 
— 
Analysis of Coal t Incbes | 
Number Gases 
Namber of Number Coal 
Job Duration | Total | Method of || Tube | _ of Amount | Burned | Burned 
* Dutrict of Test,| Type of Boilers Boilers Dimensions of Boilers Grate Firing is Tubes Quality of Coal Burned eae of Coal per Boiler |Pe? &q. hej} Black Smoke. |—___ 
a Hours on Ares. . Burned Grate Area) | 
Econo- | Wide per Hour | 
Plast ; per Hour. | Chimney | 
nuser B.T.Us | 
Lb. Ash. Base Bide Before 
La F Fi 
(as Fired). (or Fao ues. Econo. | 
). mie, | 
Se ee am ee = “il i eg a Pioneer: Rs Beene Gees 3 —— 
| | | | Ft. | | fer Cent.| Lbs. Lbs. Lbs. 
1 | South Wales ...| 8-00 | Lancashire | 5 (4) 30’'x Y 6"; (1) Wx oe. 214-80 | Hand 480 | 10 Anthracite, chiefly dust 13,275 12-8 46,592 1,164-8 27-1 1-65 0-67 None . | @ | 
2 | South Wales 7-50 | Lancashire i Wx & a 37-00 | Hand None | Nil | Coal from pit face 10,480 17-9 2,720 362-6 | 9-6 0-37 0-25 Good | | 
3 | South Wales | 7-60 | Lancashire : | x 9 3° | 122-76 | Hi 320 10 | Anthracite, mixed quality 14,150 9-4 21,728 965-6 | 23-6 1-42 0-65 | None | oa 
| | 
4 | Lancashire 8-00 | Lancashire 3 | Wxy --| 117-00 | Hand 34 COC Mixed coal 8,665 29-1 18,536 772-3 19-8 0-67 0-28 Medium i) 
5 | Yorkshire | 13-25 | Lancashire | 6 |39x9 =| 215-76 Hand 544 | 8 | Mixed coal 11,914 13-8 56,560 | 711-4 | 15-5 1-00 0-40 | Very bad 6 
6 | Staffs 7°25 | Lancashire 7 wx 8 --| 273-00 | Hand None Nil | Mixed coal 462 4-9 35,840 706-2 | 18-1 0-58 0-40 Medium | 70 
| | | | 
7 | Yorkshire | 8-00 | Lancashire 6 | wx ¥ - 262-50 | Hand 480 10 Mixed coal 9,616 2-5 50,680 | 1,055-8 | 4-1 0-61 0-19 Medium am 
8 | South Wales ...| 8-00 | Lancashire 34 | (24) 30'« 1; 10), 30x 8 1,145-28 | Hand None | Nil | Fine slack 10,972 | 1-1 | 170,942 628-4 | 18-6 1-01 0-90 | Good - 
9 | Bouth Wales ...| 8-00 | Lancashire 5 Average 30’ x | 182-74 | Hand 12 6 Small washed coal 11,564 13-0 17,472 436-8 12-0 0-73 0-34 Good _ oe 
10 | Scotland 6-00 | 2 Lanc., 2 Cornish, 5 Various (all small) ° | 160-00 | Hand None Nil Refuse coal 6,792 23-5 25,536 851-2 26-6 “0-77 0-52 Very good | Not 
| 1 Tubular | 
11 | Btafls 6-00 | Lancashire 7 Average 30’ x 9 395-75 | Hand None Nil Mixed coal - 8,456 25-5 45,192 1,076-0 19-2 0-76 0-50 Good | 0% 
12 | Lancashire 7-92 | Lancashire : a Average 30’ x 7’ -| 304-00 | Hand None Nil Coal from pit face 10,480 15-0 52,052 821-4 21-6 1-30 0-64 Good | Nes toh 
| | | | 
13 | South Wales 8-25 | Lancashire 10 (6) 30°x 8°; (4) 30’x 8’ 6” 372-00 | Hand .. 880 10 Mixed coal - 10,991 23-6 18,624 951-8 25-6 1-27 0-62 Very good Not tely 
14 | Lancashire 8-2 | Lancashire 4 Wx 144-00 | Hand ... None Nil Refuse coal - a 7,725 16-6 25,312 767-0 21-3 0-48 0-25 Medium 590 
16 | Yorkshire 8-00 | Lancashire 10 (4) 3x 9; “(4 30° x 76"; (2) 0’x " 386-725 | Hand | 10 Coal from pit face 12,447 11-9 61,040 763-0 19-7 0-80 0-30 Very bad an 
i | 
16 | Yorkshire 24-00 | Lancashire 6 | 0x9 227-50 | Hand .. None Nil Small washed coal 12,079 13-1 62,552 521-2 11-4 0-50 0-30 Medium 877 
17 Stafle 8-25 Lancashire 4 |Wxe’ sa “ 144-00 | Hand .. None Nil Mixed coal ‘ioe 8,275 37-8 18,088 548-1 15-2 1-00 0-52 Very good 489 
18 | Btafls 8-00 | Lancashire 6 | (4) 30’x 8’; (1) 28x 76" 195-50 | Hand .. None Nil | Mixed coal 9,645 21 35,280 882-0 22-5 0-61 0-40 | Fairly good ...| 669 | 
| | | E 
19 | Yorkshire 11-60 | Lancashire 4 | (2)30'x 9%; (2) 0x 86 .-| 182-20 | Hand ... . None Nil Rough slack 11,728 18-0 33,152 120-7 16-8 0-60 0-40 Medium m™s | 
20 | Statle 8-33 | Lancashire 3 | (2) 30x 96"; (I) 30x ¥ | 147-00 | Hand ...  ...| None | Nil | Mixed coal 9729 | 11-7 35,616 | 1425-2 | 99-1 om 0-27 | Very bad m8 | 
2 fle 8-26 | Lancashire 2 2x ¥ ate + aos 82-50 | Coking stokers None Nil Mixed coal 9,509 12-3 27,216 1,649-4 39-9 0-84 0-19 Very bad 780 
22 Stafls. .. 7:60 | Lancashire 2 x 8 6” 78-00 | Hand .. 192 8 Poor quality fine slack . 9,760 16-5 18,592 1,239-0 31-7 1-50 0-45 Good 680 | 
23 | Stalls, .. 8-00 | Lancashire 3 (3 5 8; w 28’x 7 6" 107-75 | Hand .. None | Nil | Mixed coal 9,900 | 26-4 17,164 | 915-1 19-9 0-70 0:80 | Good = | 
24 | Lancashire 8-00 | Lancashire a 216-00 | Hand None | Nil | Good quality slack 115% | 15-0 | 32692 | 679-0 | 18-8 0-75 0-55 | Good 0 | 
2 Notts. 8-00 | Lancashire 5 | 0x & 180-00 | Hand .. 200 10 Mixed slack —... 9,565 20-1 35,056 876-4 243 1-71 0-46 Medium — 543 
26 | Btatle 7-91 | Lancashire 8 Average about wx 7 325-50 | Hand .. None | Nil | Coal from pit face 10,310 10-5 59,136 | 934-5 22-9 0-99 0-60 | Bad Wt times| 737 
27 =| Beotland 7°25 | Lancashire 3 wx 96-00 | Hand .. None Nil Mixed coal ovo 9,528 16-7 17,024 184-2 24-5 1-00 0-75 Pasty na 549 
ae | Stats ... 7-60 | Lancashire .. ‘ 30x 8 182-00 | Hand .. None | Nil | Mixed coal : 8437 | 28-1 30,240 | 1,008-0 | 22-1 0-74 0-37 | Medium 62 
29 | South Wales 8-00 | Lancashire 4 x 8 6° 156-00 | Hand .. 320 | 10 | Good quality small coal 12008 | 165-7 16,800 | 525-0°| 13-4 0-92 0-55 | Good 68 
30 hire 8-00 | Lancashire ‘ ® 30"x 8; (2) 28’ x 1’ 6 144-00 | Hand None Nil | Good quality small coal 10,663 18-1 19,376 605-5 16-8 0-56 0-44 Bad 591 
31 | Derbyshire 8-00 | Lancashire 8 28’ x 6’ 288-00 | Hand .. None Nil Good quality slack 12,750 84 41,600 650-0 18-0 0-65 0-35 Medium 560 
3 |S 8-00 | Lancashire 4 | 30x 8 144-00 | Hand .. None | Nil | Mixedcoal ... 9,908 9-5 | 25,592 | 799-8 | 29-2 1-36 0-55 | Fair ony 
33 | Btafts. 8-00 | Lancashire 2 | Wxe 72-00 | Hand .. None Nil 8,920 35-9 9,549 596-8 16-3 0-62 0-44 650 
34 | Stafts. 9-00 | Lancashire 4 | Average 30’x 7° 6°... 171-80 | Hand ... None | Nil | Mixed coal 8075 | © 36-7 23,744 | 659-5 | 15-3 0-55 0-30 | Fair! 622 
36 | Stats 8-00 | Lancashire ‘ Avene 30x 8° 194-00 | Hand .. None | Nil | Mixed coal 8579 | 19-6 36,960 | 924-0 | 23-8 | 0-92 0-55 | Pair ro ™ 
36 | Scotland 7°26 | Lancashire 3 wx 8 109-50 | Hand .. None Nil Mixed coal 9,639 11-4 17,136 187-8 21-6 0-68 0-43 | Good Ae 
37 | South Wales 6-83 | Tubular 12 Not ascertained 726-00 | Hand ... None Nil | Good quality washed slack 12,171 12-3 73,472 | 1,145-7 | 17-3 2-00 0-75 | Very good a 
38 | Lancashire 7-25 | Lancashire 7] in 0’x T 440-00 | Hand None | Nil | Coal from pit face . 11,039 16-3 64,176 804-7 | 20-2 1-62 0-57 | Medium 
39 «| Staffs 8-00 | Lancashire 1 xT 237-72 | Sprinkler stokers| None Nil Inferior coal and dust 9,600 17-6 49,346 881-0 | 25-9 1-10 0-56 | Good.. 6% 
| 
#0 | Yorkshire 8-00 | Lancashire 3 Wx 131-76 | Hand None Nil Coal from pit face 12,925 6-1 16,520 688-3 15-6 0-25 0-16 Good ... 479 
41 South Wales ...| 7:40 | Lancashire 3 Wx 8 113-976 | Hand 120 6 Good quality small washed coal 12,013 12-8 12,908 580-6 15-3 0-66 0-35 Good ... 560 
42 | Scotland | 7°26 | Lancashire 3 28’x 7° 6" 1-40 None Nil Mixed coal 10,635 10-9 17,227 792-0 21-3 0-60 0-40 | Bad ... 562 
43 | Notte. | 8-00 | Lancashire 4 3i'x 7 6" 196-00 | Hand None Nil Mixed coal 22-6 27,534 860-4 17-6 0-70 0-42 Fairly good ... 682 
44 «| Btafis. | 7°76 | Lancashire 3 xv 106-00 | Hand None Nil | Mixed coal 10,150 14-0 17,024 732-2 20-9 0-65 0-26 | Medium a 498 
45 | Lancashire | 8-60 | Lancashire | 5 3’x 7 6° 165-00 | Hand None Nil | Mixed cosl 10,200 18-0 29,750 700-0 21-2 0-68 0-35 | Medium 580 
46 | Bouth Wales 8-00 | Lancashire 3 (2) 32°x 8; (1) 30’x 8” --| 108-00 | Hand None | Nil | Anthracite, chiefly dust 12,825 8-1 16,884 703-5 19-5 0-55 0-44 | None .. 660 
47 | South Wales ...| 8-00 | Tubular ‘4 Not ascertain: | 120-00 | Hand None Nil Fine anthracite ... . 13,600 9-9 15,232 476-0 16-8 0-50 0-25 None .. 61 
48 Warwickshire 8-50 6 Tubular, 3 Lane. | 9 (L) 30’x 8’; (T) 5,000 Ibs. evap each 258-00 | Hand None Nil Mixed coal 9,970 13-3 56,364 736-8 2-7 0-90 - | Medium L. 6 
| | T. 
49 | Stafls 6-16 | Lancashire 6 (3) 30’ 7; (3) 28’xK 7 . 198-00 | Hand None Nil Mixed coal 7.548 15-4 26,908 727-2 22-0 0-53 O-u Medium . 499 
50 | Derbyshire 5-83 neasbire 6 (3) 30’x 9; (3).30’x 8° 6” 257-16 | Hand None Nil | Mixed coal 10,567 10-4 21,504 614-7 14-3 0-90 0-50 Very good 689 
51 Derbyshire | 8-00 | Lancashire | 6 (4) 30’x 8’; (2) 30’x 7’ 6" 209919 | Hand None Nil Mixed coal 10,162 16-8 39,984 833-0 23-9 0-80 0-50 Medium ™ 
62 | Derbyshire 8-00 | Lancashire 6 wx 8 6° « 255-96 | Hand None Nil Mixed coal 12,172 10-1 48,720 1,015-0 23-8 0-50 0-26 Very bad 106 
63S | Lancashire | 8-00 | Lancashire | 6 30’x T 6" . » veel 198-00 | Hand None | Nil } x 10,530 17-5 34,800 725-0 | 21-9 0:70 0-38 Medium -| @ | 
64 | Derbyshire | 8-00 | Lancashire 6 | (2) 30’x 86"; (4) 30'x T 6" «| 210-00 | Hand None | Nil | Good quality slack 12,590 81 40,800 | 850-0 | 24-3 0-70 0-40 | Fairly good | 690 | 
| | 
65 | Yorkshire 8-25 | Lancashire 5 wx 8 180-00 | Hand None Nil } Mixed coal 10,720 16-8 %4,031 825-0 22-9 0-82 0-52 Medium 670 
56 | Gloucestershire 6-66 Lancashire 9 wx & 361-00 | Hand None Nil | Rough small 12,210 11-4 44,800 TAT +4 19-1 1-08 0-54 Bad ... “ 
67 | Derbyshire 8-00 | Lancashire 6 wx & 216-00 | Hand None Nil Mixed coal 10,960 16-7 38,649 | 806-2 22-3 0-80 0-45 Medium 6% 
68 | Lancashire | 6 80 | Lancashire ‘ 4 30’ x 8 6" 156-00 | Hand None Nil Mixed coal . 10,650 17-2 25,840 760-0 19-5 0-75 0-45 Medium 650 
69 Lancashire | 8-00 | Lancashire 6 30’x 8 2s4- Hand None Nil | Good quality slack 12,100 12-5 45,808 964-3 24-5 0-85 0-51 Good .. Cy 
60 | Yorkshire 8-83 | Lancashire 6 } wx & 218-96 | Hand | None Nil Peas and slack ... 10,267 4-2 36,512 827-0 18-98 0-58 0-38 Medium 656 
61 | Lancashire. 8-00 | Lancashire | 6 | 9x e 216-00. | Hand None | Nil | Small slack . 10518 | 20-2 | 35,8460 | 146-6 | 20-7 0-64 0-45 | Medium a2 
62 | Statis | 7-60 | Lancashire 1 | 28°x 76° 31-92 | Hand None | Nil | Good quality slack 1515 | 17-7 4,816 | 642-1 | 20-1 0-62 0-45 | Good... 00 
63 | Torebie 10-00 Lancashire 7 30’x 8 233-60 | Hand None Nil | Good quality peas 13,377 8-8 49,616 708-8 | 21-2 0-55 0-35 Bad 616 
oa | Stet 8-00 | Lancashire (@ 28 xT; (ar x 7 104-80 | Hand None | Nil | Mixed coal 9,703 | 14-9 16,520 | 638-3 | 19-7 0-66 0-51 | Far os | 
@5 | Lancashire 8-00 | Lancashire 78-00 | Hand 192 | 8 Good quality slack 12,580 12-9 11,432 7145 18-3 1-00 0-59 Medium Oy 
66 | Staffs. 8-00 igg-ended (6), Lanca- he (i) 30° 5B. rm) 2x T e 212-60 | Hand None Nil Mixed coal ove 9,058 19-5 33,712 526-7 19-8 0-73 0-31 Pair 828 | 
| shire (2) | 
67 } Bouth Wales 8-00 | Lancashire 6 | 30 285-48 | Coking stokers 960 10 =| Small slack 11,540 21-83 55,440 1,155-0 4-3 0-60 0-20 Good .. 686 
68 | Shropshire 5-41 | Lancashire 3 30° e 6 126-00 | Hand .. None Nil | Mixed coal 11,257 12-8 16,184 997-1 23-7 0-56 0-50 Good i) 
69 Yorkshire 8-00 | Lancashire | 56 | @Wxy; ®) 30’ s 214-50 | Hand .. None Ni Good quality slack 12,525 12-0 28,784 719-6 16-7 1-31 0-47 Bad .. 5% 
70 | Derbyshire 9-91 | Lancashire 9 2 about 28’x 8’ 320-50 | Hand None Nil Good quality slack ° 12,534 84 47,712 535-0 15-0 0-50 0-35 Medium 46 
Ti | Scotland 7-83 | Lancashire ; u ei 393-00 | Hand . | _@00 10 | Refuse coal 9,460 6-3 143,960 | 1,671-4 46-7 1-17 0-74 =| Medium Not 
72 | Stafts 8-00 | Lancashire | & | 30'x 9; 28x 7° 6"; (3) 30x 8 182-00 | Hand None | Nil | Mixed coal 9,669 | 17-4 44,240 | 1106-0 | 30-4 0-72 0-53 | Fairly good... 681 | 
13 | South Wales 6-50 | Lancashire . 3 Wx 7 109-79 | Hand .. 128 8 Good quality nuts 13,331 8-9 r 413-5 11-3 0-45 0-31 Good ... “ 
74 | South Wales 159-75 | Lancashire 2 Wx 91-00 | Hand . None Nil Anthracite peas 13,250 8-8 155,708 487-3 10-7 0-28 0-16 None... 47 
75 | Notts. 8-00 | Lancashire . 3 wx & 117-00 | Hand 160 10 coal 10,653 13-5 23,072 961-3 24-6 1-71 0-63 Medium ba 
76 | Derbyshire 7-66 | Lancashire ... 4 (2) 30’ x 8 6"; (2) x 168-00 | Hand .. None Ni coal 10,715 14-7 21,056 687-2 16-3 0-85 0-55 Good ... 515 
71 | Yorkshire 8-00 | Lancashire |} 9 i) av v 6) 30'x 8; "3 30° 7 6"| 340-75 | Hand 160 8 | Good quality slack 12,553 10-3 52,528 729-4 19-2 0-76 0-53 | Bad ... 8 
78 | Staffs. 8-00 | Lancasaire 2 73-64 | Hand None Ni | coal 9,560 4-2 5,670 354-4 9-6 0-66 0-39 | Medium ois | 
79 | Lancashire 8-00 | Lancashire 3 phe ¥ 117-00 | Hand .. ...| 192 8 | Mixed coal 9,783 25-7 23,197 966-5 4-8 0-98 0-58 Medium om | 
80 | Scotland 8-00 | Lancashire 7 30x 273-00 ake None | Nil | Mixed coal 10,900 | 20-8 57,699 | 1030-3 | 26-4 1-60 0-74 | Very good om 
81 | Yorkshire 8-75 | Lancashire 10 ux Pe ... -| 390-00 ~ «| Nome | Nil | Mixed coal 11,32 | 16-8 98,616 | 1,127-0 | 28-9 1-20 1-00 | Medium Cd 
62 | Yorkshire .| 10-00 | Tubular (4), Lanca- 7 Not ascertained with certainty 372-00 | Hand .. None Nil | Good quality slack 12,960 8-7 113,008 | 1,614-4 30-4 1-8 0-70 Bed .. set 
shire (3) | 
63 | Yorkshire 12-33 ire ul 30’ x 8° 474-00 | Hand .. None Nil Small slack 12,091 14-8 126,336 931-4 21-6 1-60 0-50 Bad .. Te 
84 | Notts 7-50 | Lancashire 7 30’x 8 6° 362-00 | Hand .. None Nil | Mixed coal 9,873 22-9 46,704 889-6 |. 17-7 0-70 0-40 Medium 8 
85 | Lancashire 8-00 | Lancashire ‘4 (2) 30’x 8; (2) 30’x 7 6" 144-00 | Hand .. None Nil | Good quality slack 12,222 14-7 24,920 118-7 21-6 0-75 0-60 Good ... a 
86 | Yorkshire 9°00 | Lancashire 2 wx 8 eon ene ave 72-00 | Hand .. None Nil | Mixed coal 10,649 20-4 13,888 771-6 21-4 0-50 0-40 Medium ao 
87 | Notte. 8-00 | Lancashire 7 wx & 252-00 | Hand None Nu Good quality slack 12,620 7-9 49,840 890-0 24-7 0-75 0-45 Medium 2 
| . . 
68 | South Wale 9-25 ~ ire (9), Tuba 13 (L) 30’ 9. (1) 10,000 Ibs. per hour 589-62 | Hand .. None Nil | Good quality slack 12,864 13-4 116,489 968-6 21-3 1-68 0-60 Good ... 673 
(4) | 
89 | South Wales 8-00 | Lancashire -| 8 wx 8 om ai 288-00 | Hand . None Nil Good quality coal 13,065 13-0 832 872-3 24-2 1-20 0-51 Medium Not 
90 | Scotland 7-30 | Egg-ended | 3 | Average 30°x 8° 6*.. 70-00 | Hand .. None | Nil. | Mixed coal i 10,355 | 12-5 11,200 | 497-7 | 21-4 0-46 — ima 616 
91 | Scotland 7-33 | Lancashire 6 wx & 237-50 | Hand None | Nil | Mixed coal... 9,974 | 10-4 48,272 | 1,097-1 | 27-8 1-28 0-87 | Medium aa | 
02 | South Wales 7-00 | Lancashire | 6& x 8 114-30, | Hand None Nil | Good quality coal 13,590 14-9 304 | 1094-4 47-8 0-71 0-59 None ... Ne 
gs | State 8-25 | Lancashire ‘ (a) a0 ¥ 6°; (2) 30°x 19 230-42 | Hand None | Nil | Mixed coat. 10,737 9-6 43,288 | 1311-6 | 22-7 0-95 0-60 | Good ... Te 
94 | Lancashire 7-50 | Lancashire ; 6 |3xe , 216-00 | Hand . -| None Nil | Mixed coal 11,115 12-2 31,136 691-9 19-2 0-63 0-39 | Good ye 
0 | Staffs. 7-50 | Lancashire 7 (3) 30’x 8°; (4) 28x 7 252-84 — stokers| None Nil Mixed coal 10,060 12:2 51,520 981-3 27-2 1-® 0-70 Good . Not 
06 | Notte. 8-00 | Lancashire | 4 Wxe .. 144-00 jand ..| None Nil | Mixed coal 9,247 15-7 44,300 | 1,400-0 38-8 1-35 0-89 | Medium 679 
97 | Gtafte 8-00 | Egg-ended 7 wx & 168-00 | Hand None wi | Mixed coal 9ATT 14-6 31,584 564-0 23-5 0-92 sab Good ... | 8st 
98 | Staffs 8-00 | Egg-ended 4 | Average 32’x 5° 6° | 112-00 | Hand None Nil | Good quality coal 12,200 | 12-5 19,840 | 620-0 21-0 1-00 wn Medium 380 
9 | Yorkshire 9-60 | Egg-ended a 9 37x 5 6 243-00 | Hand None | Nil | Good quality coal 12,335 | 14-1 62,640 | 615-7 22-8 0-90 Medium 0 
| | | . | 
100 | Yorkshire | 10-76 | Egg-ended | 8 | 32’x 6° 6° 7 234-00 | Hand None | Nil | Good quality coal 12,285 | 11-3 56,000 | 651-1 22-2 1-06 ps Medium 1,04 
' ! | 
puichamnsnensal FIGURES FOR THE ABOVE 100 
cx ne = i ts @ as 5 per cent. 7 a ios | | i | | can be ex- | 
The Lano. boilers only average about | Satews, Very mixed. Cannot | rm) 
9-68 | 87-7 per cent.Lanc.| 5-7 | 217-6 | mechanical See above 10,500 | 15-5 | 39815 | 721-5 | 18-9 | 0-95 0-60 pressed as 
| wW x 86 per cent. hand! expremed as an average | | | | ia oti” 
AVERAGE FIGURES FOR 250 Tersgae & STEAM BOILER 
| 0-40 | 90-6 per cvet.tacc| 40 |The Lang bode only arr _— Se al | Not given | Ye mined. Cannot be ex | 11.999 | us Lit we por ‘ai 0-40 | “pesoed cj adil 
| than 0 x 8 cont. hand! as an average | = | medium * i 
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PLATE IV. 
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By D. BROWNLIE, B.Sc. Hons. (Lond.), F.C.S. 
. ’ ’ 
» Page 101.) 
| Analysis of Boiler | poe | | Erriciuuncy oF Piawt Lone Cuxck Test (Owes Ween Arraoxtuate) 
— ~ Feed Water as going Power Used| Brief Wee Water | - notenands - Pa ae ten 
: , P — into Boilers. | as Auxiliary | Description ise | Gement from and } } | 
Tot | — ‘Se ee Peco Tempera- Tempera tthe — | of Steam Jet | Evapo- |at 212 Deg.(** 212 Deg Total Net | Efficiency Efficiency | Efficiency Total —— Approxi- 
Water ae: . aaa. . ture of | ture of | Production | or other | “eh? vapo’| Bvapo Working | of of Econo- | of Super- | Duration | Amount of | .Water wer mate 
w) Evapo por Bok of 8q _ | + _— < Steam Foard | per Lb. of | rated | tated poe | of Boilers | misers heaters of Test. | Coal Burned | Evapo- pu tb of Annual Remarks 
: | Boiler Econ am eat. =| Percen ‘onsuming . of after Onl Only Oal : 
mcd | per How! peters | Attar | ™iOF a Ct Tetal | Ausilary® | °° | pet Lb. of] 190 onal Deducting Steam] OY 4 — | on | oe 
Econo- Econo- Permanent) Temporary Steam Steam. BT Us. | or Power Used 
meer. miser Output of Auxiliary to the 
Plant. of 
ev | e Steam. 
—_ | | | | | j —_ . -_— ———$ _—____|__.. 
be Gallons Deg. F Deg. F Deg. F. Deg. F } | Lbs. Lbs Lbs Per Cent Per Cent. | Per Cent. | Per Cent Hours T Gallons. T 
9 Sm 938-1 256 14-4 6-0 2-0 134 357-7 6-0 | 397 | (a) 8-05 952 | TT 71-84 58-58 | 10-74 5-48 168-50 379-90 620,900 7-29 19.000 a) 
we} 16171 | 215-6 Nil Nil 3-0" 10 13 318-5 Nil Nil | None | 6-9 7% 690-8 66-80 66-80 Nil Nil 26-00 31875, 3,850 5-39 650 
0 | 180,795 803-5 Tt 171 8-2 6-0 1-0 151 366-2 428-0 6-17 @®) | 8-32 9-93 701-7 66-39 62-09 5-74 218 168-00 242-40 | 383,765 7-06 12,100 (2) 
| 
. 
58 | 429-4 Bs 239 18-0 4-0 0-0 Qn 336-3 Nil seo | © 5-56 6-50 750-1 66-30 59-50 | 13-00 Nil 169-25 73-55 ; 5: 
ores 521-9 149 271 1-4 9-5 2-0 110 344-1 Nil Nil | None 7-33 8-10 679-8 65-90 58-30 | 7-60 Nil 156-50 | 236-65 392.170 138 4 
+ | 210,669 415-1 175 Nil Nil 15-0 6-0 67 313-6 Nil Nil None 5-87 | «36-29 664-7 64-30 64-30 Nil Nu 169-00 270-80 | 363,300 5-98 14,500 
; ’ ’ d ’ | 00 6-65 691-5 : . 
0 | 304,364 634-1 142 257 10-7 13-0 1-0 88 329-8 Nil 5-75 (v) 6 63-17 69-71 7-31 Nil 167-75 282-40 | 397,820 6-28 15,600 3 
“ nisaase | 417-1 163 Nil Nil 1-0 2-0 58 305-6 Nil Nil | None 6-62 7-13 649-8 63-10 63-10 Nil Nil 168-00 | 1,361-08 [1,815,422 $00 70,000 @) 
nT 738 | 294-3 131 157 24 2-0 0-0 62 299-8 Nil Nil None 6-73 7-49 647-7 62-65 61-10 1-65 Nu 149-00 83-34 | 112,980 6-0 5,000 
» | 90,400 301-3 39 Nil Nil 4-0 1-0 86 328-4 Nil Nil None 3-54 431 634-5 61-37 61-37 Nil Nil Not carried) out 12,250 (4) 
. 221,268 526-8 186 Ni Nil 11-0 0-0 98 336-6 270-0 Nil None 4-89 5 617-3 61-20 59-65 Nil 1-55 168-00 281-1625! 367,992 6-84 16,000 
a 331,164 522-6 200 Nil Nil 9-0 1-0 61 308-3 Nil Ni None 6-36 6-63 | 633-0 61-12 61-12 Nil Nil 167-92 | 304-00 | 415,161 6-09 16,750 
+9 | 480,060 545-5 101 a1 12-2 3-0 0-0 68 344 405-0 Nil None 5-12 6-6l | 601-4 60-27 50-40 7-41 2-46 170-50 | 605-15 | 777,500 5-73 31,000 
“ 126,708 383-9 162 Nu Nil 14-0 1-0 67 304-7 Nil Nil None 5-00 5-38 696-4 59-90 59-90 Nil Nu 168-00 110-20 | 24,930 6-06 5,750 
+4 | 446,908 558-6 161 263 8-7 13-0 4-0 70 316-1 Nil 3-18 (e) 7-32 7-93 637-2 59-76 56-22 5-51 Nil 167-50 361-09 | 561,100 6-9 17,860 
338-6 110 Nil Nu 9-0 2-0 ~ 323-9 Nil Nil None 6-49 740 | 612-6 59-50 59-00 Nil Nil 168-00 164-85 | 228,930 6-62 8,000 
oti 233-4 r) Nil Nil 11-0 2-0 49 296-8 | Nil Nil None 4-26 | 5-065 610-2 59-02 59-02 | Nil Nil 168-00} 127-14 | 119,620 | 4-20 6,500 
£0 | 179,298 433-2 C7) Nil Nil 10-0 2-0 65 302-8 Ni =| ~—sONl None 4-91 6-84 606-5 58-48 58-48 Nil Nil 168-75 238-675 | 257,740 4-92 12,200 
214,380 466-0 161 Nil Nil 5-0 0-0 118 348-9 Nil Nil None 6-46 7-07 602-8 58-40 58-40 Nil Nil 157-95 167-965 | 236,900 6-69 8,000 
4 190,116 760-7 150 Nil Nil 6-0 5-0 ry 323-9 Nil Nil None 5-33 5-86 602-3 68-34 58-34 Nil Nil 168 -00 204-475 | 243,397 5-31 11,000 
wm | 140 848-7 161 Nil Nu 70 2-0 80 323-9 541-0 2-96 (r) 6-14 5-65 583-9 58-21 56-93 Nil 3-06 168 -00 156-95 | 180,280 6-13 8,000 
t 95,022 633-5 125 228 9-5 10-5 0-5 150 365-7 420-0 2-5 (0) 6-11 5-82 596-9 57-96 52-26 5-49 1-69 169-00 125-00 | 147,000 5-25 6,900 
44 85,540 356-4 0 Nil Nil 10-0 5-0 52 299-8 Nil Nil None 4-98 5-91 596-9 57-76 57-76 Nu Nu 170-00 144-96 | 183,150 5-64 7,500 
+5 | 201,900 420-6 175 Nil Nil 4-0 0-0 333-9 401-0 Nil None 5-71 6-13 528-6 -59 55-62 Nil 1-98 168-50 255-00 | 319.870 5-59 13200 
t 181,100 452-7 188 41 13-0 2-0 ) 311-0 Nil Nil None 5-16 5-69 594-8 57-58 55-16 3-42 Nil Not carrijed out 10,000 (5) 
. 332723 525-8 157 Nil Nil 4-5 3-5 68 314-4 Nil Nil None 5-62 6-13 594-5 57-47 67-47 Nil Nil 168-00 294-95 | 429,878 6-50 14,750 
is | 82437 379-0 Nil Nil 24-0 1-0 92 332-6 Nil Nil None 4-84 5-65 593-4 57-32 57-32 Nil Nil 168-00 139-10 | 139,095 4-46 6,960 
9 | 187,600 458-6 147 Nil Nil 8-0 0-0 be 314-4 Nil Nil None 4-55 6-00 692-5 57-30 57-30 Nil Nil 168-00 | 127-75 | 138,390 4-80 7,000 
~ ’ 322-7 79 259 15-9 3-0 1-0 lll 344-7 Nil 2-5 (o) 6-14 1-22 601-5 57-02 49-10 9-35 Nil 168-00 113-00 | 174,118 6-87 6,460 
50 | 114,863 368-9 186 Nil Nil 10-0 3-0 65 311-9 378-0 Nil None 6-92 6-27 588-0 56-87 66-87 Nil Nil 169-00 | 150-45 | 186,330 5-63 8,000 
. A ‘ | 
; 453-9 180 Nil Nil 10-0 4-0 15 320-1 Nil Nil None 6-98 7-4 583-5 56-50 56- Nil Nil 168-00} 224-00 | 350,500 6-98 11,800 
4 386-7 63 Nil Nil 9-0 1-5 93 333-2 Nil Nil Noue 4°84 5-86 691-4 56-37 66-37 Mil Nil 174-00 215-95 | 228,490 4-70 10,800 
0 | 41,581 259-9 56 Nil Nil 11-0 3-0 66 303-7 Nil Nil None 4-35 5-19 581-8 56-27 56-27 Nil Nil 468-00 56-4 52,600 4-16 2,860 
#0 | 101,011 280-6 146 Nil Nil 9-0 2-0 72 317-7 Nil Nil None 4% 4-68 579-6 56-12 56-12 Nil Ni 161-00 74-00 71,940 4u 3,780 
$0 | 163,715 409-3 143 Ni Nil 6-0 2-6 142 361-7 Nil Nil None 4-43 4-81 560-8 55-86 55-86 Nil Nil 166-75 224-45 | 213,047 au 11,200 
“0 86,581 398-8 146 Nil Nil 2-0 2-6 65 311-9 Nil Nil None 5-06 5-56 676-2 55-75 65-76 Nil Nil 168-26 88-90 128,850 6-47 4,460 
40 | 469,740 716-8 146 Nil Nil 15 10 132 356-6 Nil Nil None 6-25 6-73 653-1 55-38 65-38 Nil Nu Not carrijed out 000 6 
i) 366,476 459-5 140 Nil Nil 10-0 10 66 312-7 Nil Nil None 5-71 6-31 571-6 55-30 55-30 Nil Nil 168-75 46 4 671,770 5-35 32.500 ” 
71 | 249,200 445-0 159 Nil NI | 600 2-0 a 307-4 Nil 75 (a) 6-06 5-47 569-8 55-15 55-15 Nil Nil 168-00 399-8 442,287 4M 20,000 
1 420-0 49 Nil Nil 14-0 2-0 6 328-4 Nil Nil None 6-10 1-37 570-2 65-10 55-10 Nil Nil 168 -00 110-12 | 153,285 6-21 6,000 
" mar 369-7 Ml 182 3-9 40 0-0 64 311-0 Nil Nil None 6-19 6-85 570-2 55-10 52-965 2-165 Nil 57-75 24-00 | 31,270 6-61 4,500 
» | 94658 435-2 145 Nil Nil 18-0 0-0 68 314-4 Nil Nil None 5-49 6-05 568-8 55-04 55-04 Nil Nil 170-25 130-59 | 143,632 4-91 6,500 
14 | 135,030 421-9 129 Nil Nil 11-0 3-0 4 319-3 Nil Nil None 4-90 5-59 567-2 53-90 53-90 Nil Nil Not carrijed out 7,000 7 
«0 | 63,657 381-3 113 Nil Nil 11-5 0-5 48 364-7 444-0 8-0 () 5-20 5-99 590-1 53-80 57-12 Nil 2-42 168 50 117-55 | 125,590 4-77 6,500 | - 
“4 | 161,725 366-9 145 Nil Nil 12-0 1-0 65 311-9 Nu Nil None 5-10 5-60 549-0 53-25 53-25 Nil Nil 168-00 95-25 | 106,680 5-00 6,250 
4 | 107570 448-3 53 Ni Nil 5-0 1-0 81 324-7 Nil 7-16 (x) 6-37 7-66 697-2 63-25 67-73 Nil Nil 168-00 103-1375} 46,630 6-34 6,000 
4 | 98,700 292-8 “4 Nil Nil 6-0 20 14 352-3 Nil Nil None 6-15 7:49 650-7 53-25 63-25 Nil Nil 168-00 96-85 | 160,280 6-92 6,000 
| S912 363-2 175 Nil Nil 5-0 0-0 96 335-3 380-3 Ni None 4-93 5-31 632-6 62-74 61-50 Nil 1% 168-50 308-987 | 397,350 5-14 16,000 
“ 270-6 137 Nil Nil 22-0 0-0 55 302-8 Nil Nil None 3-71 eu 541-9 52-70 52-70 Nil Nil 167-50 196-925 | 193,966 4-39 10,000 
» | 124,580 356-1 161 Nil Nil 12-0 2-0 87 329-1 Nil 8-8 () 5-79 6-31 597-1 52-60 81-70 Nil Nil 168-60 184-77 | 215,720 5-21 9,500 
| 19,216 435-8 4 Nil Nil 12-0 3-0 69 315-3 Nil 2-5 (a) 5-23 6-4 614-0 62-10 53-40 Nil Nil 169-50 344-95 | 419,500 5-42 17,500 
” 180 610-8 46 Nil Nil 9-0 8-0 103 339-8 Nil 10-3 («) 6-01 1-29 598-8 52-00 57-96 Nil Nil 168-00 413-95 | 493,700 6-32 20,000 
‘ ” 4 377-6 150 Nil Nil 16-0 2-0 68 314-4 Nil Nil None 5-15 5-66 637-6 51-87 61-87 Nil Nil 168-50 122-65 | 143,687 6-23 6,500 
i | 46840 514-2 135 Nil Nil 12-0 3-0 80 323-9 Nil Nil None 6 06 6-74 536-3 51-81 51-81 Nil Nil 168 -00 133-00 | 182,300 6-12 6,750 
1 437-2 165 Nil Nil 14-0 2-0 13 318-5 Nil Nil None 6-30 5-14 635-4 61-75 61-75 Nil Nil 167-25 116-15 | 139,800 6-42 6,200 
+0 | 259,288 432-5 140 Nil Nil 8-0 1-0 7 335-9 366-9 Nil None 5-78 6-27 627-4 61-62 51-00 Nil 0-52 167-50 460-25 ; 6-20 23,600 
#0 | 906,772 430-8 160 Nil Nil 12-0 4-0 15 320-1 Nil Nil None 5-35 6-81 530-6 60-93 60-93 Nu Nil 169-60 142-25 | 172,065 5-40 8,000 
1 | 14,368 | 396-2 169 Nil Nil 16-0 1-0 72 317-7 Nil Nil None 5-20 6-58 623-9 50-87 60-87 Nil Nil 170-25 99-50 | 119,90 | 6-36 6,200 
9 | 268,331 659-0 127 Nil Nil 4-0 5-0 16 320-9 Nil 3-4 (x) 5-85 6-67 542-9 60-78 52-56 Nil Nil 168-00 392-80 | 467,290 6-31 21,696 
40 | 185,504 420-1 186 Nil Nil 6-0 5-0 0 307-4 Nil Nil None 5-08 5-38 524-0 0-0 60-60 Nil Nil 169-00 227-85 | 249,700 4-69 12,230 | 
es | 174,566 363-7 151 Nil Nil 11-0 3-0 7 | 318-5 377-0 Nil None 4-87 os 501-4 80-54 49-11 Nil 1-43 169-00 226-05 | 256,020 5-06 11,000 
eo | 25,722 42-9 118 Nil Nil 12-0 4-0 47 294-7 Nil Nil None 5s 6-00 521-0 60-41 50-41 Nil Nil 154-00 19-60 | 23,230 5-31 996 
95 | 319,230 456-0 166 Nil Nil 9-0 6-0 64 311-0 Nil Nil None 6-43 6-93 518-0 60-20 60-20 Nil Nil 168-00 179-90 | 260,800 6-47 9,500 
no | 68,560 236-0 136 Nil Nil 7-0 0-0 “4 291-5 Nil Nil None 4-16 4-59 473-0 0-04 50-04 Nil Nil 168-40 123-30 | 94,162 3-41 6,150 
H | 63,745 398-4 91 275 16-5 2-5 0-5 336-3 Nil Nil None 5-57 6-49 515-9 50-00 41-70 8-390 Nil Not carrijed out 3,000 (8) 
na | 143,162 223-7 143 Nil Nil 8-5 0-0 58 306-6 Nil Nil None 4-25 4-69 617-7 49-88 49-88 Nil Nu 169-00 204-10 | 162,375 3-64 10,200 
es | 299,016 622-9 169 266 4-82 45 1-0 127 353-9 531-5 8-64 (0) 5-39 5-84 506-0 49-35 4-61 4-65 4-34 168 -00 354-70 | 609,700 6-41 17,900 
6 | 79,778 491-5 162 Nil Nil 10-0 5-0 68 314-4 449-0 Nil None 4-92 6-33 473-4 48-91 45-89 Nil 3-03 167-90 142-22 | 169,543 5-30 7,500 
¢ | 173,271 433-1 140 Nil Nil 2-5 0-0 % 334-6 Nil 6-4 (r) 6-02 6-70 634-9 48:44 61-75 Nil Ni 168-00 193-09 | 241,570 5-58 9,500 
0 | 281,980 316-1 182 Nil Nil 10-0 0-0 62 319-2 Nil Nil None 5-91 6-30 502-6 48-40 48-40 Nu Nil 167-25 214-20 | 297,278 6-19 12,000 
© | 561,599 652-0 54 126 6-2 2-5 0-0 136 358-6 Nil Nil None 3-90 4-74 801-0 48-31 45-29 3-02 Nil 166-60 | 1,110-65 /1,023,009 #1 65,500 
0 | 188,632 471-6 115 Nil Nil 4-0 3-0 4 346-5 Nil 2-0 (@) 4-6 4-85 61-6 48-09 49-07 Nil Nil 168-00 296-30 | 270,640 4-07 16,000 
) | 49,200 252-3 157 175 1-7 2-0 0-0 56 303-7 420-0 Nil None 6-10 6-60 495-0 48-00 46-23 0-84 0-93 117-00 67-60 | 76,510 5-06 4,000 
PY {1,013,986 317-3 63 Nil Nil 6-0 10 62 3909-2 Nil 15-25 (a) 6-51 1-73 583-4 47-79 66-38 Nil Nil Carried jout as “ day |s test” 4,000 ¥) 
b | 116,860 486-9 14 188 41 13-0 2-0 64 311-0 Nil 5-9 (s) 5-06 5-58 623-8 47-47 48-54 2-12 Nil 176-00 114-65 | 137,440 5-35 6,000 
© | 106,400 7-2 179 Nil Nil 16-0 5-0 88 329-8 Nil 2-7 (r) 5-06 5-44 504-9 47-50 48-80 Nil Nil 168-60 102-60 | 132,620 6-17 5,500 
$ | 309,409 | 429-7 127 170 4-0 12-0 1-0 70 316-1 376-0 7-9 (v) 5-89 6-61 526-6 47-50 44-20 6-6 0-73 167-90 409-85 | 572,100 6-23 22,000 
4 | 22,236 139-2 69 Nil Nil 11-0 3-0 35 280-9 Nil Nil None 3-93 4-4 485-3 46-98 46-98 Nil Nil 168-00 62-78 46,340 3-91 2,700 
 |.101979 | 424-9 87 231 12-9 4-0 0-0 96 335-3 Nil 8-06 (v) 4-39 5-13 64-3 46-73 “4m 6-58 Nu 169-60 142-76 | 160,725 nm 1,500 
0 | 274831 490-7 102 Nil Nil 12-0 0-0 62 309-2 Nil 3-6 (w) 4-16 5-45 500-0 46-66 48-40 Nil Nu 192-00 404-00 | 495,860 4-76 23,200 
t | 497,940 567-9 163 Nil Nil 9-0 0-0 a 333-9 Nil 1-0 (x) 5-06 6-61 486-4 46-52 46-99 Nil ‘Nil 148-25 686-45 | 713,240 5-43 390,000 
+ | 680,960 972-8 105 Nil Nil 20-0 12-0 120 350-0 Nil 10-3 (x) 6-08 6-% 543-6 46-47 51-80 Nil Nil 168-00 680-55 | 769,100 on 36,000 
a 610-4 193 Nil Nil 14-0 1-0 321-6 Nil Nu None 5-48 5-73 478-0 6-20 46-20 Nil Nil 169-60 382-80 | 618,560 6-04 20,000 
’ 380-5 153 Nil Nil 14-0 2-0 15 320-1 Nu Nil None 77 4-68 474-0 5-90 45-90 Nil Nu 170-50 249-36 | 261,390 4-68 13,000 
0 404-6 178 Nu Nil 3-0 0-0 9 36-6 473-0 Nil None 5-19 5-57 455-8 45-63 “4-13 Nu 1-00 16800 142-75 | 165,450 4-86 9,160 
4 389-5 206 Nil Nil 13-0 1-0 93 333-2 Nil 4-8 (x) 5-06 5-26 493-9 45-60 47-9 Nil Ni 167-50 81-525 | 108,400 5-93 6,860 
5 480-6 185 Nil Nil 14-0 3-0 5 320-1 Nu Nu None 5-40 6-88 465-9 45-25 5-2 Nil Nu 168-00 262-00 | 335,020 6-58 13,700 
4 501-4 121 Nil Nil 75 1-0 120 350-0 442-0 Nil None 6-17 5-89 467-8 44-79 4-29 Nil 0-50 170-00 794-00 | 940,150 6-28 42,000 
4 478-4 il Nil Nil 6-0 2-0 15 320-1 Nil Nil None 5-48 6-91 462-3 43-69 43-69 Nu Nu 168-09 346-40 | 469,012 6-04 17,500 
i 199-7 ge Nil Nil 19-0 0-0 34 279-6 Nil Nil None 4-01 4-57 “1-3 42-71 42-71 Nal Nu 168-75 73-80 | 68,350 4-18 3,650 
| 
429-5 160 Nil Nil 6-0 0-0 66 312-7 382-0 Nil None 3-92 4-3 426-5 42-67 41-20 Nil 1-47 96-00 192-15 | 179,547 eu 12,500 
4 585-2 67 Nil Nil 6-0 20 ~ 328-4 Nil 6-4 (aa) 5M 6-3 467-2 42-32 45-21 Niu Nil 168-00 248-08 | 307,930 5-64 12,400 
5 564-7 168 Nil Nil 19-0 2-0 9 335-9 Nil Nil None 4-30 4-65 433-0 42-10 42-10 Nu Nil 167-75 219-45 | 251,708 6-12 11,000 
$ 302-5 137 Nil Nil 12-0 0-9 50 297-8 Nil Nil None 4-37 4-83 44-5 42-10 42-10 Nil Nil 168-50 199-00 | 210,600 4m 10,815 
4 434-3 163 Nil Nil 6-0 20 67 313-6 397-6 15-1 (3s) 4-42 4-78 415-6 40-77 46-11 Nil 1-89 168-00 400-76 | 407,740 4-04 21,000 
‘ 489-4 195 Nu Nil 12-5 1-5 64 311-0 Nu Ni None 3-49 3-66 396-8 38-32 38-32 Nil Nil 168-00 176-55 | 184,170 4-66 9,000 
; 189-0 133 Nil Nil 60 1-5 83 300-8 Nil Nil None 3-35 3-61 380-9 38-01 38-01 Nil Nil 110-66 205-25 | 169,676 347 10,500 
- 248-0 165 Nu Nil 15-0 3-0 47 294-7 Nu Nil None 4-00 4-31 353-6 4-06 4-06 Nil Nil 168-25 75-00 66,00 3% 4,000 
P 243-9 184 Nil Nil 13-0 0-0 8” 297-8 Nil Nu None 3-96 4-18 338-9 32-80 32-80 Nil Nu 168-00 216-50 | 203,210 a 11,000 
4 245-9 148 Nil Nil 5-0 0-0 oo 301-8 Nil Nil None 3-17 4-13 336-1 32-50 32-50 | Na Nil 143-90 138-00 | 144,230 3-67 7900 
ERY STEAM BOILER FLANTS (GREAT BRITAIN). 
' ] l | | s aS Fee RIN ee py ee 
216,900 | 393-1 137 154 16 | 95 20 | so | 328-4 | 350-0 18 (co) 544 | 607 | 578-1 s62 | 42 | 09 | 0-62 | Keo | 2352 | 273.990 | 5:19 | 11,800 | 
| | | L : 
pAESENTING 27 DIFFERENT INDUSTRIES (GREAT BRITAIN). 
ry | | | ! | nes ainie 7. : a. - 7 | ts i | | 
| 197,776 } 543 i 103 | 71 | Not pven | 8 330-5 65 24 (po) 6% | 7% oe aw 5@ 71 435 0-51 167-50 | 12825 | 4A | U6 2 6,500 
ee | | | | | | } , | 
ee ee 
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NEWALL MEASURING MACHINE, 


Fig.6. CALIBRATION OF SCREW OF A 12° MEASURING MACHINE. 
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“LIEU-RATES” AND “TIME AND A BIT.” 


On the subject of the remuneration of labour 
there remain still in force many of the provisions 


stress of war conditions, the effects of which are 


their} the opposite of conducive to increased efficiency ; 


they place us in an unfavourable position as manu- 
facturers for competing in the world’s markets. 
These conditions are such that neither the men 
nor their unions will make the slightest move 
towards any alteration. The severe stress of war 
conditions naturally, and quite early in the rush 
to produce munitions, led to competition amongst 
employers to secure the services of the limited 
number of available workers so as to increase the 
productivity of their plant, to man the new machines 
and increased equipment installed, and to assist 
towards keeping their promises in regard to deliveries 
of the weapons of war so urgently called for by the 
many authorities, often competing amongst them- 
selves for delivery. Not only was there competition 
to get men, but with the certainty of employment 
on application, there was the difficulty of retaining 
the men who might be induced to start. Rapidly 
the workers gauged the situation, and unless assured 
that their remuneration was above the standard, 
they moved elsewhere to better their conditions. 
To such an extent finally was this the case, that, 
none too early, legislation had to be introduced to 
limit such tendencies. 

As a means to increased output, and specially 
applicable to repetition work, payment by results 
was earnestly advocated by the authorities, and in 
response extended adoption of the system took 
place. Such adoption was facilitated by the Muni- 
tions Act, and various agreements to which the 
Trades Unions subscribed. 

In regard to most systems of payments by result, 
such as piece work, there will be no denying that 
the following two facts stand out quite clearly. 
Firstly, that with repetition work, the system can 
be applied most readily, and will show a great 
improvement on time work, and, secondly, that 
with such work, if the product remains substantially 
the same, even a slightly high price at the introduc- 
tion of the system will lead with remarkable rapidity 
to earnings many multiples of the time rate of wages 
previous to the introduction of the system. 

As is well-known, such earnings in the past have 
given rise to the practice of the cutting of rates. 
During the war two tendencies operated and should 


act! be noted. Due to the fact that many shops were 


engaged on a type of product of which they pre- 
viously had little or no experience, and also to the 
lack of experienced piece price or rate-fixers to 
cope satisfactorily with the fixing of prices or times 
for the mass of work being turned out, prices which 
were exceedingly high were far from uncommon. 
The cutting of prices, a practice, the only excuse 
for which is ignorance, was practically impossible 
in this connection, because of the general difficulties 
with labour, the strong position of the labour 
organisations, the sympathetic appeal system 
that was introduced by the authorities to reduce 
labour discontent, either real or imaginary, and on 
account of the favourable terms that were offered 
to employers for the contracts placed on a fixed 
price basis, albeit the “time and line” system |e 
was quite generally adopted for new work, or in 
the case of firms of insufficiert experience, to quote 
on a fixed-price basis. 

In what position, then, was a manufacturer whose 
work was of such a nature that payment by results 
could not readily be applied to a considerable pro- 





portion of it ? How could he keep his men, when 


and extensions of practice introduced under the|in 





in an adjacent works, repetition n work, and p payment 
by results, with the high earnings generally accruing 
from such a state, was the rule ? 

There can be little contention that in all shops 
there is a considerable portion of the work that 
lends itself quite readily to system of payment 
by results, although on work of a non-repetition 
character the prices or times must be generously 
estimated if earnings comparable with those earned 
on repetition work, as has already been explained, 
are to be possible. Supposing this fact be recog- 
nised, there stil] remains a proportion of the workers 
who cannot readily be put upon payment by results, 
and there are the periods of time when the general 
payment by result workers cannot work on other 
than the time system of remuneration, 

Such a state of affairs exists to a certain extent 

shipbuilding and in lesser measure in marine 
engineering. To meet these conditions, the “‘ Lieu- 
Rate ” or “Time and a Bit’ system was in yogue, 
principally in shipyards, even prior to the war. 
As its name implies, ‘‘ Lieu-Rate ” is an enhanced 
time rate given in lieu of piece work, as, for instance, 
on a new job, a price for which it is felt cannot be 
fixed. It may require very particular skill, and on 
this account it may well be desired to allocate to 
such work the best available workers, who normally, 
in all probability, make large earnings on piece work 
or a similar system. An arrangement is then made 
to the end that, either these men will be paid during 
the time they are so engaged at the same percentage 
over their time earnings as they have been receiving 
for a given period previously, or else on a fixed per- 
cen over their time rates, called “‘time and a 
bit,” generally time and a half. To expect workers 
under the conditions experienced during the war 
period to revert to plain time rates when on such 
work, would have caused them to seek the more 
remunerative piece work elsewhere ; such was the 
demand for labour. There were shops in which no 
effort was made to work a system of payment by 
results. “Liew work,” or “Time and a Bit” offered 
the path of least resistance, giving high earnings 
and being thus favourably regarded by the men and 
their union officials, It was, in fact, simply a very 
much higher time rate than the district or the 
average rate, and so, on that account, not open to 
the objection lodged against payment by results. 
The efforts on the part of the management neces- 
sary to fix satisfactory and equitable piece rates 
or bonus times were not required. 

The number of jobs in any shop that can be 
regarded as incapable of estimating with a view to 
fixing a price or bonus times, is in proportion to the 
number of ratefixers appointed for this work, 
coupled with the experience available, and is further 
dependent upon the degree of organisation, of 
management of the work. 

With a sufficient number of ratefixers possessing 
the requisite experience, the amount of work which 
cannot be priced may be said to be extremely small, 
provided the work is so arranged and organised that 
delays for want of material are infrequent, the 
appliances are adequate, and that men are not 
hustled from one incomplete job to another, and 
so on. The question arises as to whether such an 
organisation as is necessary, with a large staff of 
rate-fixers—and in many classes of work quite a 
large staff will be required to assess prices for all 
work being undertaken—will give value for the 
increased on - cost resulting? If present-day 
practice be referred to, the answer would be in the 
negative, but the opinion is gradually gaining 
ground that competition in the future will force a 
more ready realisation that the experiment must be 
boldly faced in the endeavour to reduce the selling 
price of our manufactures. In the United States 
of America this necessity is perhaps more generally 
recognised. If the alternative is “‘lieu-work” or 
“time and a bit,” little trepidation in taking the step 
need be felt. These systems, however, are extremely 

msive in wages cost per unit of output. 

here remain a number of cases where the fixing 
of prices or bonus time is most difficult, as for 
instance, where the actual time required for the 
work is to some extent without the control of the 
management or the men concerned—such work, 
as, for instance, testing, where the testing time is 
dependent largely upon the requirement of an 
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inspector, and is not capable of definite specification. 
Testing work can sometimes quite conveniently be 
made part of the contract of the erectors or fitters 
or can be a se contract ; although in such 
work the tendency under these conditions would be 
to hide defects, which at all costs should be brought 
immediately to light. Work of this nature could be 
paid for at a rate depending upon the rate earned 
on previous work, although the objections to such 
a system arising from a tendency to prolong the 
operation in question, &., are obvious, and need not 
be enlarged upon. The question of the payment for 
work of this nature in a payment-by-results shop is 
not capable of ready solution, and merits the closest 
study, although only a subsidiary issue of the main 
subject of “‘ Lieu Rates” and “‘ Time and a Bit.” 

Such systems have been so extended during the 
war, and have in many quarters obtained such a 
firm footing that with competitive conditions again 
returning, the firmest stand must be taken com- 
pletely to eliminate them. The path of least resist- 
ance in such matters can only lead in one direction— 
that of high labour costs and selling prices. We have 
previously urged, when dealing with payments by 
results, and can only again most strongly emphasise, 
the necessity for definite knowledge of all conditions 
before fixing prices or basis times. Men of high 
standing and technical qualifications must be 
trained and then placed in positions of authority 
to deal efficiently with the very complex subject 
of the fixing of piece prices, bonus times and allow- 
ances. By such a course only can we effect the 
change in some of our industries from the haphazard, 
rule-of-thumb methods of control of these matters 
of the past, to the more progressive and virile grip 
consequent upon putting into practice, in regard to 
remuneration in proportion to effort, the results of 
thorough and detailed investigation. 





MERCHANT SHIPBUILDING. 
ACOORDING to statistics just issued by Lloyd’s 
Register, there were 782 merchant vessels, with a 
total gross tonnage of 2,524,050, under construc- 
tion in the United Kingdom at the end of June 
last. These figures constitute a record, the tonnage 
being some 12 per cent. greater than the previous 
record of 2,254,845 tons building at the end of the 
March quarter, and 39 per cent. greater than the 
figure for the June quarter of last year, which was 
1,815,013 tons. Compared with the highest pre- 
war figure of 2,063,694 tons, reached in March, 
1913, the present tonnage shows an improvement 
of over 22 per cent., but the satisfaction that would 
otherwise be gained from this comparison is tem- 
pered by the knowledge that our need for shipping 
is now far greater than ever before. As it is, we 
can only hope that the present high figures will be 
increased. In all other countries of the world, 
excluding Germany, for which country fi are 
not yet available, 1,744 vessels, making 5,493,717 
tons in all, were under construction on June 30 last, 
and of this amount no less than 994 vessels, aggre- 
gating 3,874,143 tons, were building in the United 
States. Although the tonnage building in that 
country has declined from 4,185,523 in March to 
the figure just given, it is still more than 26 times 
the corresponding figure for June, 1914, at which 
time there were only 45 ships, totalling 148,515 tons, 
-in hand. Japanese shipbuilding has also developed 
considerably during the war period. The ships 
building in Japanese yards now number 63, with a 
total tonnage of 282,060, as compared with 18 ships, 
making 91,510 tons, in June, 1914; in this case 
the increase amounts to over 200 per cent. These 
figures are significant enough, but the situation 
will, perhaps, be even clearer if we point out that 
just before the war nearly 55 per cent. of the total 
tonnage under construction in the world was 
building in British yards, whereas, at the present 
time, the proportion is but little more than 30 per 
cent. ; the latter figure would be even smaller if we 
were able to include the work of German yards. 
We recommend these figures to the careful con- 
sideration of British labour leaders and others 
interested in the future of industry and commerce 
in this country. 
The British Dominions are now building 209 
vessels, which account for another 346,453 tons 





of the shipping under construction abroad, and 
Italy now comes third on the list of foreign countries 
taken in order of magnitude of shipbuilding work 
in hand. The figures for Italy, which are 96 vessels, 
with a total tonnage of 271,620, show a notable 
increase over those for previous quarters, a fact 
which is due to the inclusion of Trieste, for the 
first time, as an Italian port. The only other 
countries with tonnages under construction exceed- 
ing 100,000 are Holland, Spain, and France, the 
figures for these countries being 219,332 tons (88 
ships), 118,854 tons (40 ships), and 109,615 tons 
(38 ships), respectively. Holland has nearly doubled 
its shipbuilding work since June, 1914, when there 
were 51 vessels, with an aggregate tonnage of 
116,137, building in Dutch yards, while Spain, 
at that time had only two vessels under construction, 
making 4,429 tons together. France, on the other 
hand, is now building less than half the tonnage 
she had in hand just before the war. 

Referring again to the merchant shipbuilding 
work of this country during the quarter under 
review, we notice a considerable improvement in 
the number and tonnage of vessels launched, and 
also in new work commenced. In the June quarter 
206 ships, making 527,891 tons were launched, 
and 183 ships, making 659,980 tons, were laid down. 
The corresponding figures for the March quarter 
were 74 vessels (205,316 tons) launched and 103 
vessels (425,128 tons) commenced. The vessels now 
constructing include a number of large ships, 
28 steamers of over 10,000 tons being in hand ; 
no vessel, however, exceeds 25,000 tons. Ferro- 
concrete barges and motor vessels building at the 
end of the quarter amounted together to 22,064 tons 
—less than 1 per cent. of the total. Rather more 
than half of the increased tonnage under construc- 
tion is being built on the Clyde. Glasgow and 
Greenock yards between them, are now buildin 
138,844 tons more than at the end of the March 
quarter—an increase of over 18 per cent. The 
actual number of vessels in hand in this district is 
now 253, and the total tonnage amounts to 893,467, 
while in March last the figures were 184 vessels 
and 754,623 tons. Newcastle comes next in order 
of importance, the increase in this district amount- 
ing to 64,362 tons, which is nearly 15 per cent. more 
than in March. Newcastle is now building 100 ships, 
with a total tonnage of 498,294, as compared with 
91 ships, and 433,932 tons, in March. Belfast has 
44 vessels, totalling 320,800 tons now in hand— 
a slight increase on the corresponding figures for 
the previous quarter. The position at Sunderland 
is somewhat similar, the current figures for this 
district being 63 vessels of 269,018 tons in the 
aggregate. The tonnage under construction in the 
Middlesbrough district, at the end of June, was 
163,280, comprising 47 vessels, the tonnage being 
10 per cent. greater than in March. The work in 
hand at Hartlepool now amounts to 19 ships, 
making 76,450 tons, which is practically the same 
as the previous quarter, but at Liverpool a very 
substantial increase has to be recorded. At the 
end of last month this port was building 31 ships, 
with an aggregate tonnage of 58,395, as compared 
with 20 ships, making 35,585 tons, in March; the 
tonnage increase is thus about 64 per cent. At Hull 
also the tonnage building has increased, by some- 
thing like 20 per cent., from 44,825 in March to 
53,259 in June, the latter figure comprising 87 
vessels. Barrow is the only district which shows a 
decline in merchant shipbuilding during the quarter, 
the tonnage having fallen from 31,295 to 28,865, 
and the number of ships from 13 to 6. 

On the whole, however, there appears to have 
been an unprecedented degree of activity in the 
shipbuilding industry during the period under 
consideration, and the urgent necessity for main- 
taining, or increasing, this activity by every possible 
means should be obvious to all. In view of these 
circumstances, the effect of any prolonged shortage 
in the supply of coal can only be contemplated with 
dismay. 





THE SOCIETY OF CHEMICAL INDUSTRY. 

Meetines of the Chemical Engineering Group of 
the Society of Chemical Industry were held in the 
Salters Company’s Hall, St. Swithin’s Lane, E.C., 
on the 16th inst. A number of papers were read of 





which the majority were concerned with questions 
of steam raising. The subject was in general referred 
to as bearing on chemical factories, but the greater 
part of the information given had a wider bearing. 
We propose to give a résumé of two of the more 
important papers. 


Waste Heat BorLers AND PULVERISED FUEL. 


The first contribution, supplied by Capt. C. J. 
Goodwin, A.M.Inst.C.E., dealt with waste-heat 
boilers and pulverised fuel. In view of the fuel 
situation, in which this country now finds itself, 
any matter bearing on economy in steam raising 
and metallurgical processes has become of import- 
ance. Captain Goodwin said that the gas and coke- 
oven industries were probably the principal users 
of fuel in the chemical industry, and that it seemed 
surprising so little had been done to utilise fully 
the available heat in suitable cases. The objection 
might be raised that in gas works and with coke- 
oven plant working regeneratively, if more heat 
was taken out of the gases their temperature would 
be insufficient to maintain a proper draught. This 
objection could be overcome by the use of induced 
draught and given suitable conditions for utilising 
the steam, waste-heat boilers should be quite 
remunerative. 

A case was quoted of a waste-heat boiler designed 
by the Bonecourt Waste Heat Boiler Company, 
Limited, and ordered as a trial installation for a 
standard set of continuous vertical retorts working 
under natural draught. The gases entered the boiler 
at 700 deg. C., and left at 300 deg. C. A better 
utilization of the gases would be possible if 
induced draught were employed. A boiler working 
with the waste gases from a single retort setting, 
gave 500 lb. of steam per hour at 100-Ib. pressure, 
so that a gas works, comprising, say, 60 retorts 


£1 could raise 7,500 lb. of steam an hour from and at 


100 deg. C. in return for a capital outlay of about 
4,000/., and with relatively small operating costs. 

In the case of a gas engine, tests made by the 
Institution of Civil Engineers, showed that at full 
load about 38 per cent. of the total available heat 
in the gas was exhausted into the atmosphere and 
about 30 per cent. lost in the water-jacket and by 
radiation. Taking a 1,000-h.p. engine, the full 
load steam production based on 60 per cent. thermal 
boiler efficiency was 2,250 lb. of steam an hour, 
equivalent to about 280 lb. of coal. Allowing for 
interest, depreciation, &c., and taking coal at 35s. 
a ton, and 3,500 working hours per annum, for the 
gas engine, the net saving would be about 4501. a 
year on a capital outlay of 600/. to 800/. Appreciable 
additional saving could be effected by using the pre- 
heated water from the engine jacket as boiler feed. 
Captain Goodwin then referred to the Still engine,* 
pointing out that the principles it involved might 
be looked on as a logical extension of the method 
of using gas-engine exhaust in waste-heat boilers. 
He thought, however, that in chemical works a 
waste-heat boiler would usually be preferred. In 
such places high-pressure steam was the exception 
and quantities of hot water were frequently 
required. 

Waste gases from many processes contained 
appreciable amounts of dust, which was a frequent 
source of trouble in waste-heat boilers of the ordinary 
water-tube or fire-tube type, the dust settling on 
the water-tubes and brickwork containing them, 
or tending to choke up the fire-tubes. The obvious 
remedy was to increase the velocity of the gases 
sufficiently to prevent deposition of dust, but in the 
usual types of boilers this was only possible at the 
expense of efficiency. The Bonecourt Company 
had overcome the difficulty by using an inner metal 
tube with the end closed towards the direction of 
flow. The diameter of the inner tube was calculated 
to give the desired velocity in any given case. The 
inner tube also eliminated the relatively inactive 
central core of hot gas and enabled fire-tubes of 
greater diameter to be used. Captain Goodwin had 
himself devised a method of breaking-up this hot 
core of gas by means of a spiral placed inside the 
tube at intervals of about 6 ft., the spiral being 
made with a pitch decreasing in the direction of 
the gas flow. 





* See EnGrneeRrtna, vol. ovii, p. 708. 
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Turning to the question of pulverised fuel, Captain 
Goodwin pointed out that the modern tendency in 
regard to fuel economy aimed at the prevention of 
the use of any coal in a raw state. Distillation of coal 
was, however, a long way from being universal, and 
was not usually applied in the case of inferior or 
small-grade fuel. The use of pulverised fuel would 
undoubtedly be greatly extended in the present 
transition period, owing to the immediate saving in 
fuel that could be effected, but its ultimate economic 
value and application lay rather in the possibilities 
of using inferior fuels, and of such coal and coal dust 
as had so far been considered commercially useless. 

Practically any quality of fuel could be burnt 
successfully, and the choice of fuel was not entirely 
governed by its cost per unit of calorific value. The 
quality rather than the quantity of ash was of the 
greatest importance, also the sulphur content, which 
should not, normally, exceed 1 per cent., though as 
much as 4 per cent. and more had been found per- 
missible under boilers. Bituminous coal, with 28 per 
cent. ash, and averaging 6 per cent. “ee had 
actually been burnt in locomotives. uel with 
30 per cent. of volatile matter and 6 per cent. to 
10 per cent. ash, would be ideal. The excess air 
required with hand-fired grates was 100 per cent. 
to 200 per cent., and about 50 per cent. with 
mechanical stokers. With pulverised fuel about 
20 per cent. was practically standard, and consider- 
ably less could be used with careful control. The 
carbon dioxide content of the flue gases when using 
the theoretical amount of air, was 20-7 per cent., 
and the loss in efficiency when this was reduced 
to 11 per cent., was only about 5 per cent. Further 
reduction in the CO, content entailed rapidly- 
increasing loss in efficiency, the loss being as high 
as 25 per cent. of the total fuel when the CO, content 
fell to about 6 per cent., as in hand-firing practice. 
With powdered fuel, 15 per cent. CO, represented 
good average practice. With inferior fuels containing 
considerable percentages of ash, the flame tempera- 
ture and efficiency were materially reduced, and 
particular attention had to be paid to the quality and 
properties of the ash and to its action on the brick- 
work. 

For pulverising, 95 per cent. through 100 mesh 
and 82 per cent. to 85 per cent. through 200 mesh 
was now practically standard. The average fine- 
ness was 600 mesh or less, and the surface exposed 
to oxidation on combustion was about 26 sq. ft. 
per pound, so that combustion was almost instan- 
taneous. Pulverised coal weighed between 38 Ib. 
and 45 lb. per cubic foot and had an angle of repose 
of 15 deg. to 20 deg. The moisture content in the 
fuel was usually reduced to at most 1 per cent. 
before use. It was quite possible to burn powdered 
fuel containing 4 per cent. of moisture, but it seemed 
well established that apart from inconveniences, 
such as the possibility of freezing and agglomeration 
during storage, the loss of efficiency due to vapor- 
ising and superheating the extra moisture content 
in the furnace counterbalanced the fuel required 
fordrying. The overall cost of drying was, however, 
greater than the value of the heat lost in vaporising 
the moisture in the coal and drying was mainly 
justified by the necessity of this operation for satis- 
factory pulverising, transportation, and storage 
in large plants. If 2 per cent. of moisture was 
removed from coal by drying, it was on the average 
only equivalent to about 25 per cent. of the moisture 
contained in the air used for combustion, and for 
small self-contained plants the cost of drying was 
not usually justified. In some recent tests carried 
out with an “Aero” self-contained pulverising 
unit of 5,000 lb. per hour capacity, it was found that 
coal containing 4 per cent. of moisture of which 
4 per cent. was combined moisture, was delivered 
to the collector with only } per cent. of total moisture, 
showing that all the free moisture had been absorbed 
by the air during pulverisation. In a further test 
wet coal containing 16-4 per cent. of moisture was 
delivered with only 4-4 per cent. of moisture. 
Such results as this could, of course, only be obtained 
when using air separation, as moist coal would 
choke up any screening device. 

Of the ash content of pulverised coal, about 65 
per cent. could be collected as fused or semi-fused 
slag. The remainder probably went up the chimney 
in the form of a very fine white powder which 








seemed to cause no inconvenience in large towns. 
Pulverising cost from 1s, 6d. per ton for a 10-ton 
per hour plant to 2s. per ton for a 2-ton plant, 
taking power cost at about 0-7d. per kw.-hour. 
Labour would represent about 4d, in the former 
case and 9d, in the latter, two men being necessary 
with either plant. Including handling and con- 
veying, the average figure for preparing pulverised 
coal for a large plant would be about 2s. 6d. a ton. 
Against this a fuel economy of 15 per cent. to 30 
per cent. might be set. The cost of installation 
was about the same as for a producer gas plant. 
A British quotation of April of this year for a plant 
to burn 20,000 tons of pulverised coal a year was 
14,5001. The total operating cost including interest, 
rates, &c., worked out at from 3s. 6d. to 4s. a ton, 
exclusive of the cost of the fuel. 


Low-GraDE FUEL. 


A paper by Mr. P. Parrish, entitled “The Pro- 
duction of Steam for Low-Grade Fuel and a 
Chemical Works Power Plant,” dealt with steam 
raising from coke breeze. Mr. Parrish began by stat- 
ing that coke breeze was a very indefinite term and 
while some gas engineers would regard all material 
passing through a }-in. screen as coke breeze, others 
would consider such material, or at least that passing 
a}-in. screen, as coke dust. Whatever the definition, 
the quality of coke breeze had been materially 
modified during the last few years of the war, 
owing to the increased ash content of the coal. 
The work to which he wished to refer were situated 
adjacent to a gas works and quantities of coke breeze 
were immediately to hand. The material supplied 
to the works during the last three months had an 
average ash content of 20-9 per cent. and a moisture 
content of 14-2 per cent. On an average screening 
test 25-74 per cent. of the material passed an }-in. 
screen, 43-05 per cent. a }-in. screen, 71°66 per 
cent. a fy-in. screen, and 83-72 per cent. a y-in 
screen. 

The furnaces used for this fuel were of the 
“Crosthwaite” type having an air supply to the 
fuel bed through passages in the fire bare, which 
communicated with the bed by means of fan-shaped 
openings. An air blast was maintained by a steam 
nozzle at the front end of the air passages. Further 
passages through the fire-bars carried a secondary 
supply of air which entered the combustion area 
at the end of the furnace without passing through 
the fuel bed. This secondary air supply was con- 
trolled by the chimney draught. The correct 
regulation of the air was a matter of some difficulty, 
and had to be controlled according to the size and 
quality of the fuel, the porosity of the fuel bed and 
its condition as regarded clinker. It was sometimes 
assumed that the best results were obtained by 
admitting such a quantity of primary air as led to 
the formation of carbon monoxide, which could be 
subsequently burned to carbon dioxide. It had 
been suggested that this was the best way to ensure 
a high CO, content in the waste gases. Mr. Parrish’s 
experience did not confirm this view in connection 
with the combustion of coke breeze in forced-draught 
furnaces. Combustion would be very seriously 
retarded if attempt were made to restrict the supply 
of primary air to such proportions as would lead 
to the formation of CO. The resistance offered by 
the fuel bed was such as to necessitate the intro- 
duction of such a quantity of primary air as promoted 
very largely the production of CO,. 

Analyses of the gases above the fuel bed when the 
latter was reasonably clean and under full blast 
showed results as high as 16-5 per cent. of CO, 
and 6-4 per cent. of CO. Tests of the gases leaving 
the main flue, however, showed that such a com- 
position was not maintained for long and that 
dilution arose. The dilution was traced to the 
introduction of excess secondary air due to the 
imperfect fit of the ash-pit doors and to the absence 
of adequate provision for adjusting the quantity 
of secondary air. Steps taken to remedy these 
defects gave greatly improved results. Experience 
suggested that the depth of the fuel bed should be 
about 6 in. and that it would be an advantage if 
the outer primary air ports were adjustable. 
Systematic and judicious clinkering played an 
important part in securing efficient results. It was 
usual to clinker the fires twice each eight-hour 





shift. The necessity for quick cleaning and re- 
charging was evident. It was important that the 
air tubes should be kept clean. Fine dust 
through the perforations in the bars and had to be 
removed periodically. 

The question of the productive capacity of the 
boilers when using low-grade fuel was i t. 
There was a distinct relationship between thermal 
efficiency and productive capacity, and a Lancashire 
boiler, say, which was capable of evaporating 600 
gallons of water an hour with best steam coal, was 
incapable of being worked with coke breeze, at a 
maximum thermal efficiency, above an evaporative 
capacity of 400 gallons an hour. The author had 
found that the grate as sometimes installed by 
forced-draught specialists was too long to admit of 
maximum thermal efficiency. By reducing the 
grate length by about 20 per cent. the temperature 
of the waste gases was reduced from 310 deg. C. 
to 240 deg. C.,'a lesser quantity of fuel was con- 
sumed, the capacity of the boilers was unimpaired 
and the chimney draught was not prejudicially 
affected. The original arrangement merely led to 
the combustion of extra fuel and an increase in 
temperature of waste gases, very little extra heat 
being transmitted to the water, largely due to the 
absence of adequate heating surface. 

The importance of frequent and systematic 
cleaning of the side and bottom flues of the boilers 
could not be too strongly urged. This affected the 
question of the entrainment of drift (fine dust and 
grit) and its possible discharge from the chimney 
shafts. This entrainment by the products of 
combustion was a direct function of the velocity of 
the gases. If the speed exceeded 6 ft. to 8 ft. per 
second trouble from drift was inevitable. Clearly 
as the flues began to accumulate dust their cross- 
sectional areas decreased with a consequent increase 
of velocity. It had been found necessary to clean 
the side and bottom flues each six weeks. Mr. 
Parrish compared the cost of steam raising in the 
plant with which he was dealing with the costs 
which had been published for several Government 
factories. To obtain comparative figures the cost 
of coal at the various Government factories instead 
of being taken at a flat rate of 11. a ton, as had 
been done in the published figures, were reduced 
by him to the cost of similar coal at the works 
with which he was dealing. On this basis the coal 
cost worked out at about 33s. a ton. The coke 
breeze cost about 13s. a ton. Allowing for main- 
tenance, labour, &c., the cost of steam raising at 
the coke-breeze plant showed a saving of 21 per 
cent. as compared with the cheapest Government 
coal plant and over 50 per cent. as compared with 
the most expensive. 





NOTES. 
Frims or Merats 1x Grow Lamps. 

In our issue of November 9, 1917, we noticed 
an investigation of the deposits of metals and also 
salts, formed on the inside walls of incandescence 
lamps by the sublimation of the metallic filaments 
or of the salt coatings previously imparted to them. 
A further communication on these researches has 
been presented by Professor W. Reinders and by 
Mr. L. Hamburger, of the Eindhoven Laboratory 
of Messrs. Philips’ Lamp Works, to the Amsterdam 
Akademie van Wetenschappen ( , vol. xx, 
pages 1135 to 1154). The metallic particles, shot 
off from the hot filaments, are coulaned on the 
glass walls; there is very little reflection unless 
the walls be really hot. The very thin deposits 
produced may appear homogeneous (amorphous- 
vitreous) when examined by the ultra-microscope, 
or show (or develop) a structure, and any colours 
of the deposits may be due to the film thickness 
and structure or be characteristic of the substance. 
The metals investigated were mounted as wires 
in bulbs after the manner of tungsten filaments ; the 
same bulb was used to enclose two lamps, the second 
one serving for producing a protective coating on 
the deposit formed by heating the wires of the first 
lamp. This coating consists of salt or fluorspar, 
and was added because the coating of Canada 
balsam, first used to prevent atmospheric corrosion 
of the deposits, did not quite protect the films ; 
none of these coatings proved perfectly indifferent, 
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however. The bulb was so arranged further that a 
branch from it could be cooled in liquid air, in order 
to form deposits at low temperatures. It was 
found that, as to the appearance of the films, two 
classes of metals may be distinguished, refractory 
metals and metals melting at moderately high 
temperatures. The former, tungsten, molybdenum, 
platinum, nickel, iron, and carbon (carbon is only 
mentioned. in one line) gave amorphous-vitreous 
films, practically devoid of any structure. The 
metals of the other group, silver, gold, magnesium, 
zinc, eadmium, yielded films in which separate 
particles, ultramicrons, were distinguishable. De- 
posited on the cooled glass, these films also appeared 
amorphous, but a structure developed on heating 
the glass and film. A structure also developed in 
tungsten and the other metals, but only on heating 
the deposit up to near the melting point. As the 
thickness of the silver film increased, the colour 
changed from yellow to red and blue ; on heating the 
film, the colours changed again in the opposite order. 
With silver this colour change set in already at 130 
deg. C.; it seemed to be due to the amorphous form, 
not to the crystalline grouping, and would thus be 
characteristic of the metal. Gold turned from pink 
to red, violet-blue, green, yellow and finally to 
gold-yellow, as the film thickened; magnesium, 
&ec., especially also copper, showed similar colour 
changes. The films of the refractory metals and 
of carbon were blackor grey. The electric resistance 
of the films was also determined after the method 
recently used by E. Weber and Oosterhuis. In the 
case of gold the steel-blue film, produced on glass 
cooled in liquid air, had first a very high resistance, 
amounting to thousands of ohms, but the resistance 
decreased to 250 ohms, eg., as the film slowly 
assumed room temperature. The resistance generally 
diminished in the course of time, particularly when 
the films were exposed to the air (from 119 ohms 
to 72 ohms in 4 hours), but also in the vacuum. 
The resistance changes are evidently connected 
with the development of a structure. 


SoLutions or Merats In AMMONIA. 


WHILST salts and other compounds and some 
elements can be dissolved in water and various 
solvents without undergoing any chemical change, 
and can be recrystallised from these solutions, it is 
largely assumed that metals cannot be dissolved in 
this sense, except in other metals. That anhydrous 
ammonia will dissolve the alkali metals, when heated 
with them in sealed tubes, was in fact observed 
by Weyl in 1864, however. Palmaer obtained 
coloured solutions apparently of metals, blue in the 
case of alkali metals, green for lead, red for tin, 
by electrolysing solutions of organic salts in liquid 
ammonia, which boils at — 33-5 deg. C. Ruff 
and Geisel, 1906, prepared by the direct action of 
liquid ammonia on the alkali metals solutions 
of the deep copper lustre of certain beetle wings ; 
diluted, these solutions appeared dark blue, and 
the crystalline metal was reobtained by evaporating 
the ammonia; one atom of sodium required 
5-87 molecules of ammonia for dissolution. Real 
solutions seemed to be formed, not substituted 
ammonium compounds of the formula NH;Na, as 
had been suggested ; there is, it will be remembered, 
some evidence for the existence of a metal like 
compound NH,, ammonium, although the body has 
never been isolated except momentarily. On the 
‘other hand, in sealed tubes substitution products of 
ammonia, of the type NH,Na, are also formed. 
Studying, in 1907, the electrolytic conductivity of 
the blue solutions in ammonia of the alkali metals, 
C. A. Kraus (Massachusetts Institute of Technology) 
came to the conclusion that the neutral metal 
dissociated into a positive metal ion and a negative 
electron. Although much interest was at that 
time taken in the electrolytic properties and dis- 
sociation of solutions in non-aqueous solvents, 
Kraus and Franklin seem alone to have studied 
these particular solutions. A few ago, 
G, E. Gibson and W. L. Argo took up the optical 
examination of these solutions, It was peculiar 
that lithium, sodium, potassium, magnesium and 
calcium should all give diluted blue solutions in 
ammonia. Gibson and Argo (Journal ‘of the 
American Chemical Society, September, 1918, 
pages 1327 to 1361) therefore investigated the 


absorption spectra by modifying the spectro- 
photometer of Martens and Griinbaum, who sent 
part of a beam of light through a cell containing the 
solvent and part through a cell containing the 
solution. To simplify the apparatus Gibson and 
Argo adopted a differential method, without directly 
determining the absorption of the ammonia itself ; 
this is regrettable, the ammonia might play the 
chief part in the phbnmomena. They found that all 
the metals mentioned, with the possible exception 
of calcium, gave identically the same absorption in 
ammonia, and very similar absorption spectra 
(though different from those in ammonia) in 
methylamine. They argue that the absorption 
might be due: (a) To unionised molecules or atoms 
of the metal; (6) to unsolvated electrons; (c) to 
solvated electrons, i.e., electrons surrounded by 
‘and migrating with molecules of the solvent. Kraus 
had taken view (a); Gibson and Argo consider that 
one might prefer (b); when they calculated the 
conductivity observed on this assumption, however, 
they arrived at impossible values for the number 
of electrons and the conductivity. Hence they 
decide in favour of (c). The experiments have to be 
performed at low temperatures, of course, and 
contamination of the solutions is very difficult 
to avoid. The alkali metals oxidise immediately 
on exposure to air, and in that case the blue solutions 
fade rapidly ; this trouble was almost unavoidable 
when they worked with ethylamine. It is to be 
hoped that the difficult research will be continued. 





THE BRITISH SCIENTIFIC PRODOCTS 
EXHIBITION. 
(Continued from page 76.) 

PROCEEDING with our notices of electric exhibits 
at the Exhibition, we will first deal with those of 
Messrs. Creed and Co., Telegraph Works, Croydon, 
who give demonstrations with two notable exhibits. 
The one, the High-Speed Printing Telegraph, of 
Mr. F. G. Creed, is well-known. Morse code is used, 
a large number of stations can be worked on one 
line, and automatic retransmission is facilitated. The 
Wheatstone tape is perforated by the Kleinschmidt 
keyboard at a rate of 600 words per minute, the 
Wheatstone transmitter is motor-driven for up to 
250 words per minute. The Creed perforating 
receiver reproduces an exact replica of the sending 
tape ; the incoming line signals actuate a relay, the 
tongue of which controls the valves of pneumatic 
engines, and the received perforated slip is fed into 
the printer, which reproduces the message in 
Roman letters on a paper slip, gummed to telegraph 
forms, at the rate of 120 words per minute; the 
received perforated tape may be used several times 
and re-transmitted by Wheatstone. The other 
instrument, the Creed Stentorphone, is a novelty 
with which Mr. H. A. Gaydon is connected. The 
stentorphone reproduces gramophone needle-cut 
records on an adjustable intensity scale with 
superior quality of tone. The volume of sound is 
conérolled by admitting into a sound box a stream 
of air, from a rotary compressor driven by an 
electric motor. The stream of air issuing from the 
sound box is controlled by a valve, which is, in its 
turn, under the control of the gramophone needle. 
The valve consists of two small grids of aluminium 
superposed upon one another; when playing the 
stream of air is set into vibration, and the sudden 
expansion of the air after passing through the valve 
gives the great volume of sound. By means of a 
special air-control valve, operated by hand, the air 
can be diverted into. another channel in order to 
cut out the sound-box ; a modulator further admits 
of toning the volume of sound down from a roar, 
audible at } mile distance, to a whisper. 

The construction of the complete Gyro unit of 
Messrs. Elliott Brothers, for compasses and pre- 
cision instruments, which spins continuously at 
20,000 r.p.m. and a peripheral speed of 430 ft. 
per second or 300 miles p.h., being driven by three- 
phase currents of 333 cycles, at 120 volts, 0-45 ampere 
in each phase, has required extreme care and 
superior materials. The spindle, all one with the 
body of the rotor, is of the Laval type; the balls 
for the bearings had to be specially selected. The 
hardened steel sleeves on the taper ends of the 





rotor spindle have a taper of 0-006 in. in a length 


of 0-375 in. and the top thrust works up against 
a steel ball and a spring. The stator had to be 
wound by hand and to be placed dead in the 
centre of the gyro case. Among the other exhibits, 
galvanometers and accessories, photometers, &c., 
by the firm we notice the L.W.V. wattmeter, for 
direct and phase power measurements, on balanced 
or unbalanced load, current ranges 750 and 100 am- 
peres at 150, 300, 450 volts; the error from direct 
current to 0-60 period alternating will not exceed 
4 per cent. of the maker’s own scale reading at 
power factors down to 0-3. 

The electric instruments of Messrs. Everett. 
Edgcumbe and Co., voi Hendon, N.W.9.—dwarf 
moving-coil meters, luxometer (recently improved), 
&c.—were mentioned last year. This year we 
also find the metrohm insulation testing set, new 
deflectional frequency meters for switchboards, &c., 
and a sample unit of the Everett-Edgcumbe Brazil 
carbon powder resistance, which has been put to 
use as earthing resistance for the neutral point 
on three-phase systems and as limiting resistance 
for over-pressure and lightening protective gear. 
The peculiar property of these powders is that 
their resistance decreases as the current flows, 
so that the current gradually increases until the 
fault is isolated by the opening of the circuit 
breaker. Theshock to the system is thus minimised, 
whereas metallic resistance decrease as they grow 
hot and must therefore be made abnormally large. 
A unit is a trough of earthenware 15 in. by 10 in. 

Of the exhibits of Messrs. Alfred Graham & Co., 
St. Andrew’s Works, Crofton Park, S.E., we mention 
first the Graham Fire and Torpedo Control Instru- 
ments consist of step-by-step synchronous motors, 
indicating mechanisms, and transmitting switch gear 
within water-tight casing and with dial illumination, 
each fitting comprising from one to five combina- 
tions. The motor provides for 12 steps per arma- 
ture revolution, by currents of from 10 volts to 
25 volts, and correct operation is secured by means 
of a novel disposition of the armatures, the coils 
and the polar extensions and by the accurate 
workmanship of the devices. The six coils are 
connected in pairs in series, each pair having 
a resistance of 70 ohms; the current is, at 15 
volts, 0-2 ampere when one circuit is completed, 
and less than 0.43 ampere upon energisation 
of the second pair. Our Figs. 3 to 13 will help to 
explain the arrangements. A cylindrical gun-metal 
casting is machined with extreme accuracy, as 
shown in Figs. 3 and 4; 12 polar extensions, ¥ in. 
in diameter are forced into the six holes bored at 
each end and are staggered (see Fig. 9, and Figs. 10 
to 13) ; the armature iron core is extended at each 
end to correspond with the staggered poles of the 
field magnets ; the journals of tool steel are ground 
3» in. diameter, and the armature (nearly { in. in 
diameter) leaves an air gap of 0-003 in. between 
the face and the influencing cores. There is a 
bearing for the armature shaft at each end of the 
cylinder in the dust- and water-proof casing. 
The six field magnets have extended cores of in- 
creased width for attachment to the polar extensions. 
Figs. 5 to 7 explain the assembling of the parts. 
Four conductors are required between the trans- 
mitting switch and the unit; the connections with 
the receiving parts, and the relative disposition 
of the connected coils and their extensions are shown 
in Figs. 8 and 9; the magnetic circuits will be 
understood from the diagrams, Figs. 10 to 12. 
In Fig. 10 the upper and lower electro-magnets 
equally influence corresponding limbs of the arma- 
ture, and the armature shaft is not under stress; 
while the upper and lower magnetic circuits are 
complete and parallel, a further secondary circuit 
(armature and both electro-magnets) is being 
formed. When the second pair is energised, the 
first pair remaining energised, the armature assumes 
& position midway between the poles of the influenc- 
ing magnets. The magnetic circuits then comprise 
the upper magnet first energised, the upper arma- 
ture limb, and the upper magnet secondly energised ; 
and similarly the corresponding lower electro- 
magnets and the lower limb of the armature. 
Subsidiary magnetic circuits exist also, but the 
exact location of the armature is due to the rapid 
building-up of the series circuits, as indicated in 
Figs. 12 and 13. Though apparently complicated, 
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the design lends itself to mass production, as has 
been carried out for the Admiralty, and the step-by- 
step motors admit of rapid manipulation of the 
controlling switch. There is ample cooling area 
for the coils. 

With the aid of these motors and — 
mechanisms up to 25 orders can be transmi 
on revolving drums ; range readings be taken from 
zero up to any maximum by steps of 25, 50, 100 
yards ; bearing elements can be indicated to complete 
are of training or to any limit by steps of}, 4, ot 
full degree, and deflection elements be followed 
from one maximum to another. The full reading 
from 0 to 29,975 yards by steps of 25 yards may, 
e.g., be carried out in less than 20 seconds. The 
Graham switch-gear is one of the instruments 
designed for changing-over and completing low; 
pressure circuits with particular regard to naval 
ordnance and torpedo-control. The switch casing 
is cylindrical; the blades are attached to a carrier 
which revolves about its vertical axis, and the 
operating hand lever or hand wheel of the rotary 
spring carrier is secured to the cover by means of 
a clutch ; only the cover screws have to be removed 
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for opening up the sockets. The blades are arranged 
in pairs, and the terminal blocks are formed in one 
with the fixed blocks and slotted so as to receive 
the pairs of spring blades; ample bearing surface 
is thus obtained, and the switch is self-cleaning, 
In forms of gear involving slow action, the operating 
hand wheel is connected to the carrier by worm 
gearing, and the contacts and blades are arranged 
for completing groups of circuits in pre-determined 
order. In the larger types, up to 150 conductors 
enter the switch casing. We mention also thé 
loud-speaking telephones, of which the firm has 
made a speciality since 1893, especially for the 
Navy. Specimens of various naval telephones; 
head-gear, receiver fittings, water-tight hooters and 
rattlers, and signal transmitters and fuses are also 
on view. 

The auto-charger of Messrs. A. Graham and 
W. J. Rickett is designed for supplying low-tension 
current for telephones and, in particular, the loud- 
speaking telephone of Mr. Graham, from high: 
pressure continuous-current mains through secon- 
dary batteries. This can be effected by means of 
potentiometer resistance sets or by small rotary 
converters ; but both these methods are wasteful. 
In the auto-charger a comparatively small current 
is taken from the mains through a resistance to the 
battery, this current assisting in supplying low: 
pressure current; that resistance and relays allow 
the battery to become fully charged, and the main 
supply circuit is then broken. The main relay 
(Fig. 14) is permanently connected across the low: 
pressure leads ; as long as it operates, the battery is 
also joined to the windings of the control relay, 





and the one contact of the charging relay current 
from the battery then flows through the control 
relay and the “kicking ”’ resistance in series to it, 
When the battery volts fall below a fixed value, the 
control relay will not operate, but the charging 
relay receives current from the mains and feeds the 
battery. When the volts rise above a fixed value, 
the control relay connects the middle junction of the 
main and charging relays to the negative pole and 
short-circuits the charging relay. While charging, 
the “kicking ” resistance is in circuit with both 
the charging and control relays, and the voltage 
applied to the control relay is equal to the battery 
pressure minus the small potential across the ter. 
minals of the “kicking” resistance. As soon as 
the control relay short-circuits the battery, only the 
current from the charging relay will pass through 
the “kicking” resistance, the voltage across the 
resistance is automatically diminished and the 
potential across the relay is increased; thus the 
closing of the control-relay contacts is facilitated ; 
similarly the breaking of the circuit is assisted, and 
“chattering” is prevented. The current con, 
sumption of the auto-charger is very small; a 
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battery of 50 ampere-hour capacity, supplying 
current at 20 volts from a 110-volt main, absorbs 
about 60 watts when the battery is under charge, 
and less than 10 watts when not charging. 

Street fire-alarm transmitters, push boxes, rain- 
proof bells and telephones are further exhibited 
by Messrs. Stuart and Moore, of Parkington-road, 
Acton, W.3. 

The Igranic Electric Company, Limited, of 147, 
Queen Victoria-street, E.C., whose coil-winding 
machinery we illustrated last year,* make this year 
a very impressive display of motor-starting lock-out 
switches, specially designed for roller-mills, which 
may have to start very slowly, or quickly, accord- 
ing to conditions, and of motor starters on con- 
tinuous and phase circuits generally. Noteworthy 
are, further, the controllers for boring mills and 
lathes which enable the man to do his work in 
boring or turning car wheels of all sizes simply by 
pushing buttons; the electromagnets for workshop 
transport, the electromagnetic units of which are 
used singly or in combinations of 2, 3, 4, suitable 
for picking up scrap, long bars, heavy masses ; 
and the battery-charging panels, fool proof in the 
hands of untrained men, which are also built up 
of units, the number of which is increased as the 
number of cars in use is increased. Some novelties 
in coil for track-signalling also deserve attention. 








We reserve illustrated descriptions of these novelties. 
Lifts and hoist controllers and automatic direct- 
current motor starters for pumps, lathes, printing 
machinery, &c., are further shown by the Watford 
Electric and Manufacturing Company, of Watford, 
Herts; the motor starters can be operated by 
pedal switches, push buttons, floats, and by con- 
tractor switches, in which care is taken that the 
bar always bears flat against the face of the resist- 
ance; the firm also makes the Kesnor machines, 
which issues aluminium-dise tickets for theatres. 
The Edison-Swan Electric Company, of Ponders 
End, show pointolite and other lamps, valves for 
wireless telegraphy, platinum substitutes, and 
illustrate also the manufacture of molybdenum 
wire from the ore. Mr. Leoline Edwards, of Twicken- 
ham, has among his miscellaneous exhibits, the 
“ Quidos” life-saving deck chair and other 
granulated cork appliances. Transformers are 
exhibited by the British Electric Transformer 
Company of Trixity House,’ 48, Oxford-street, 
together with various heating appliances; and 
condensers by the Dubillier Condenser Company of 
the Duron Works, Goldhawk-road, W.12. The 
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condensers are of all types, also for artificial cables 
and for air or oil insulation, but the speciality of 
the firm lies in their superior mica condensers for up 
to 250,000 volts continuous or alternating circuit ; 
all the mica is tested for use; the metal of the 
variable air condensers is brass or magnesium-zinc 
alloy, and the condenser cases are no longer made 
in wood, which may fail in tropical climates, but 
in ebonite or metal. In the electric heating line, 
the Dowsing Radiant Heat Company, of York-place, 
W.1 (soldering irons ; the flatirons—for laundries— 
are pushed into contact-stands and do not require 
any cords), and Messrs. Arthur Lyon and Wrench, 
of 36, Victoria-street, 8.W.1, deserve mention; the 
Lyon-Brotherhood domestic lighting plants for 
outputs from 4 kw. up to 4 kw., are built in com- 
plete units. Magnetos were plentiful last year ; 
this year the Runbaken Magneto Company, of 
Cheetwood-lane, Manchester, has few rivals with 
its light-weight high-tension magnetos for motor- 
cars, cycles, &c., and stationary engines. A minox 
speciality, which might have been put in the 
engineering section, is shown by the Rawplug 
Company, of Lenthall-place, South Kensington ; 
these plugs are made of twisted fibre and inserted 
into the holes drilled into plaster, brick, slate, stone, 
metal, &c:, to receive screws, which are then less 
liable to crack the material; a 2-in. screw, fixed 
with rawplug in a stock brick, will, it is stated, 
withstand a direct pull of } ton. 

The dictograph, of Dictographs Telephones, Ltd., 
of Denman-street, 8.E.11, are loud-speaking ‘tele- 
phones for house and office use, enabling a person 
to talk to, or to listen to, a person or several persons 








* See EnctnerexineG, September 26, 1918, page 247. 
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in an average-size room; neither the speaker, nor 
the listener need come up to the instrument, nor 
apply a receiver to his ears. A chief can thus give 
his instructions to the various employees in a room 
or in several rooms; when privacy is desired, an 
ear-piece is taken from a hook and used in the 
usual fashion, the other loud-speaking telephone 
being then cut out. The installation, which is worked 
by batteries or dry cells, consists of a master station 
and sub-station. When a sub-station is called up, 
a lamp flashes up; a sub-station calling up the 
master station would excite attention by a buzzer 
and shutter on an indicator; if the master should 
be busy, he can move a key and can continue his 
conversation undisturbed by any, calls. When 
dictation is to be taken down, the dictator may 
move about and examine his papers, while the 
shorthand writer need not leave his desk. The 
“junior dictograph”’ comprises one master station 
and one or two sub-stations, the latter able to 
intercommunicate if desired. The motor dictograph 
is especially designed for service on motor cars. 

The exhibits and demonstrations of Marconi’s 
Wireless Telegraph Company have particular 
reference to radiotelegraphic and telephonic com- 
munication with ships and aircraft and to direction- 
finding. A ship or flying machine can determine its 
bearing by two methods, by the aid of fixed stations 
or of movable stations. The fixed-station method 
is supposed to have alone been used by the Germans 
during the war, whilst the British made use of both 
the methods. By the former method a ship—not 
fitted with direction-finding gear—wishing to 
ascertain its position, would send the letter V 
repeatedly for half a minute; this signal would be 
picked up by the various (three) coastal stations, 
each of which would signal the “‘ reading” or angle 
back, enabling the ship to work out its position ; 
the operation would take about three minutes or 
more, during which all work on the particular wave 
lengths would be stopped. The advantage of the 
fixed station is that it is not limited as to aerials 
and power, and that it can command expert opera- 
tion; on the other hand, the method is slow, and 
it necessitates the fixed stations being under constant 
central control, excluding all disturbance by com- 
mercial traffic. When the craft is itselt fitted with 
direction-finding gear, the process is much simpli- 
fied; but the instruments on board will be less 
powerful and sensitive. Opinions are hence divided 
as to the merits of the two methods. For civil marine 
navigation a modified fixed-station method has been 
adopted in this country and in Canada; the 
beacons or wireless lighthouses send out easily- 
recognised signals at specified intervals, a wave- 
length of 450 m. being used in this country. The 
receiving aerial has the form of a wire loop, a 
rectangle or circle, which can pick up signals when 
the source lies in (or near) the plane of the loop, 
but will not respond to signals from other directions. 
When the loop aerial is a vertical frame fore or aft 
in the fuselage, the navigator will hear signals 
while he is flying towards the station or away from 
it, but his telepbone will not respond to signals from 
other directions; by turning his machine he will 
hence be able to obtain information as to his position. 
On large machines the aerial may, as in land stations, 
be mounted so as to admit of rotation without 
altering the course of the machine. In these outfits 
two fixed looped coils cross one another at right 
angles ; a third coil can be turned. The experimental 
arrangement at the Exhibition is the following :— 
The stand of the company has the form of a square 
hut; the two fixed coils cross one another diagon- 
ally on the roof, and the wires of each pass down 
one pair of opposite hut corners and are taken 
to a cylindrical box, atout a foot in height, 
where the wires are continued in two small vertical 
rectangular coils, again at right angles to each other ; 
the movable coil is wound longitudinally on the 
vertical axle of the cylinder which is turned by the 
hand wheel, the angle being read off on a dial. 
The aerials for small aircraft are simply twisted 
copper wires, up to 150 ft. long, loaded like log 
lines, and suspended from winding sheaves, which 
are bolted to the machine. 

In the Marconi wireless telegraph set of } kw. 
the transmitter is of the synchronous spark type, 
giving a musical note of 600 periods; the trans- 


mitter wave may be adjusted to values ranging 
from 300 m. to 600 m., and the receiving gear be 
tuned to ranges from 250 m. up to 2,500 m. This 
is the cabinet type of apparatus ; in the low-power 
set for aircraft, the two spark transmitters weigh 
13 lb. and 25 lb. without gear, and have ranges of 
30 miles and 60 miles respectively ; with a sensitive 
valve receiver the whole set weighs 174 lb. for 
80 miles’ range. For the short-range wireless tele- 
phone sets (range, 10 miles), which are not disturbed, 
it is claimed, by fogs or haze (interfering with 
optical and acoustical signals), valves are used. 
The receiver valves are of the ordinary grid and 
cylinder type ; the grids of the transmitters resem- 
bling gas mantles formed of tungsten wire netting, 
surrounding the axial tungsten filament. 

The high-tension apparatus and loaded telegraph 
transmitters of Mr. W. Hamilton Wilson, of Bank 
Broadway, Kingston Hill, Surrey, were described 
by Colonel Cusens before the Institution of Electrical 
Engineers in April last, in a paper on the Develop- 
ment of Army Wireless During the War. The 
instruments on view, 130-watt field sets, and }-kw. 
transmitters, as well as the transformers and timing 
inductances, are lent by the War Office. The 
interesting design involves several novelties in the 
interrupter (motor-driven), the charging condenser 
and the spark coil (which is a transformer), and a 
very high efficiency is realised with light and compact 
apparatus. Mention should also be made of the 
sensitive thermo-electric appliances (conductors and 
generators for spectrum analysis and testing), and 
of the Wilson X-ray set of the firm. The only 
other X-ray apparatus we have noticed, those of 
Messrs. Schall and Son, of 75, New Cavendish-street, 
are for medical purposes; in the pantostat of the 
firm, a rhythmic main-current interrupter, a cam is 
turned by an electric motor and raises a needle 
dipping into mercury. 

The Fullerphone of Major A. C. Fuller, of the 
Signals Experimental Station, Woolwich, was much 
used during the war; it admits of sending secret 
messages over long and used lines by portable 
apparatus. 

Chemistry.—The chemical industry is not less 
well represented than it was last year, and some 
of the great dye firms and other establishments, 
who have come again, have taken commendable 
care to vary their exhibits, and to display them in 
@ pleasing as well as instructive manner. The striking 
features of this year’s exhibits are the purity and 
novelty of many products. Both achievements 
are the results of the energetic co-operation of 
colleges and industrial establishments in research 
work. The staff of British Dyes, Limited, worked 
since 1915 in “ colonies” in the laboratories of the 
Universities of Oxford, Leeds and Liverpool, under 
the general direction of Professor W. H. Perkins, 
of Oxford. High explosives and aerodopes were 
likewise studied at Oxford; Mr. N. V. Sidgwick 
found in ethyl formate a substitute for acetone, 
and he succeeded in extracting phenol from the 
waste liquors of benzol sulphonation, in preparing 
toluene from Borneo petroleum, and in rendering 
aeroplane fabrics and even rubber fireproof. Scottish 
Dyes, Limited, formerly the Solway Dyes Company, 
of Grangemouth, have developed the “ Sundour ” 
colours, fast vat dyes for textiles. The results 
of the remarkable work by Professor Sir W. J. 
Pope and Dr. W. H. Mills, at Cambridge, on colour 
photography and on sensitisers can be examined 
on the stand of Messrs. Ilford; by the time of the 
Armistice 80 per cent. of the plates used were red- 
sensitive (panchromatic) and rapid, and the present 
search is for a sensitiser for astronomical photo- 
graphy which will respond to the infra-red while 
retaining its rapidity in the violet and ultra-violet. 
In working out the wholesale preparation of the 
mustard gas, shown by Professor Pope, both Cam- 
bridge and Oxford have a share. The Nobel 
research laboratories at Ardeer were among the 
first to take up the supply of pure chemicals, 
collections of which Messrs. Boots Pure Drug Stores, 
the British Drug Stores, of Graham-street, City- 
road, Messrs. Hopkins and Williams, of Cross-street, 
Hatton-garden, and other firms display in the 
Centtal Hall. The study of the stability and 
gelatinisation of nitric ester (nitrocellulose) powders 





at Ardeer and Waltham Abbey (Royal Gunpowder 





Factory) has led to the production of the Ardeer 
cordite, and it has been found possible by the ad- 
dition of traces of certain substances to prepare 
explosive gelatine in the cold, instead of at 60 deg. C. 
or 70 deg. C. The research department of Woolwich 
Arsenal has, to judge by the exhibits, chiefly studied 
the nitro derivatives of toluene, dimethylaniline 
and cognate aromatic compounds. We can only 
allude to the great advance in therapeutical and 
physiological chemistry; the Wellcome Research 
Bureau, grown out of the Physiological and Chemica] 
Research Laboratories, founded by Mr. H. §&. 
Wellcome in 1894 and 1896, and other leading 
firms in this line are again represented at the 
Central Hall. The very useful research work 
done by the Board of Agriculture and Fisheries 
(exhibits of preserved fruit and vegetables, &c.), 
and of the Rothamsted Experimental Station, 
Harpenden, Herts (fertilisation, the fight against 
plant diseases and insect pests, seed-testing) should 
also be mentioned. 

Our notice of miscellaneous chemical exhibits 
will have to he brief. Purity, of which the absence 
of colour frequently gives striking evidence, is the 
characteristic feature of the exhibits of Messrs. 
Alright and Wilson, of Oldbury, Birmingham. The 
ammonium persulphate, a powerful oxidising agent 
(generally obtained by the electrolysis of ammonium 
sulphate), is pure white and quite dry, probably for 
the first time; the phosphorus pentachloride, phos- 
phoric anhydride and glacial phosphoric acid look 
like snow or ice; the phosphorus iodides and 
bromides should be coloured; the waxy phos- 
phorus itself (made in electric furnaces) has turned 
red because exposed to light; the kibbled phos- 
phorus (in beans), for flares on water, looks grey ; 
the solid hydride P, H,, yellow, we believe, when 
freshly prepared, has tarnished in the light, as many 
phosphorus compounds will do; the carbon tetra- 
chloride and benzoyl cbloride are still quite clear, 
colourless liquids. All these compounds, the zinc 
phosphide (for phosphor bronze) and tungsten, &c., 
are technically important. The lithium metal (more 
silvery white than sodium, but as easily tarnished) 
and the lithium hydride (obtained in snowy crystals, 
but turning into greyish lumps) are, so far, only 
curiosities. The British Alizarine Company, of 
Silvertown, the only manufacturers of this speciality 
in Great Britain, show the alizarine compounds in 
their full beauty. The British Cellulose and Manu- 
facturing Company, 8, Waterloo-place, 8.W.1, have 
@ more varied exhibition than last year; their 
artificial silk, paper impregnated with cellulose 
acetate, insulating varnishes and tubes and non- 
inflammable films, and the doped wire and fabric 
netting (windows) are very interesting. The British 
Potash Company, of Oldbury, exhibits a product 
repeatedly mentioned in our columns, potash from 
blast-furnace dust. In the ammonium nitrate, 
caustic soda, synthetic phenol, &c., of Messrs. 
Brunner, Mond and Co., Northwich, purity and 
mode of preparation are the matters of interest. 
The finest, very large nitrate crystals were obtained 
by the oxidation of ammonia; the less con- 
spicuous crystals from imported or home-made 
calcium nitrate and ammonium carbonate, or from 
Chile nitre and ammonium sulphate or bicarbonate. 
The salamac of the firm is a pure compressed 
ammonium chloride, the “ Crex” is a new concen- 
trated cleaner. 


The samples of neutral ammonium sulphate of 
the Hydrony] Syndicate, 140 Leadenhall-street, 
E.C.2, demonstrate the technical importance of 
perfect neutrality and dryness. The ordinary 
ammonium sulphate of gas-works, utilised as 
fertiliser, is a somewhat greyish crystalline mass, 
more or less lumpy, which may contain } per cent. 
of free sulphuric acid and is hence hygroscopic, apt 
to rot the bags and storage bins of the sulphate, 
and to clog the farmer’s drill in top dressing. By 
the Linder-Lessing neutralising process of the firm, 
a perfectly neutral granular dry sulphate is obtained 
which runs readily through the drill; this is 


demonstrated by putting the white grains, which 
contain 0-05 per cent. of moisture, in an hour-glass 
which the visitor is invited to turn. A number of 
gas-works and collieries have taken up this process. 
The Metro-sulphate of the South Metropolitan Gas 
Company, likewise a dry sulphate, guaranteed to 














JULY 25, 1919.] 


ENGINEERING. 











contain 25°5 per cent. of ammonia, 0°03 per cent. 
of moisture and to be free of acid, is prepared by a 
different process; the company demonstrates the 
dryness by blowing the grains up from a funnel in 
fountain fashion under a large glass bell. The other 
exhibits of the Hydronyl Syndicate are samples of 
hardened fats made by the hydrogenation of oils 
by Dr. R. Lessing’s nickel-carbonyl process. In 
this very simple process the oil is blown with 
hydrogen impregnated with a very small percentage 
of the nickel catalyst in the form of carbonyl vapour. 
The nickel being in atomic condition at the moment 
of decomposition has a much greater surface than 
if it were used as solid metal; there is no danger 
of nickel poisoning, and the decomposed nickel is 
revolatilised by means of carbon monoxide and 
reconverted into the catalyst. The process which 
has been adopted by several firms, lends itself 
particularly to continuous working, and can deal, 
as the samples show, with olive oil, cottonseed, 
ground nut, linseed and whale oils ; the fat obtained 
comes up to high-class lard in colour and hardness, 
and dark-brown whale oil loses all its fishy smell. 

Of minor specialities we notice the insulating 
varnishes of Messrs. Thomas Howse, of Smethwick ; 
the medco-soldering powders of the Middlesex 
Chemical Company, Langbourne Wharf, Millwall ; 
and the sodium permanganate (not electrolytic, 
like the potassium salt), the green sodium manganate 
and brown barium manganate) (insoluble powder), 
all used as oxidising agents, as well as the alum and 
aluminium sulphate extracted from blast-furnace 
slag by the Stockton-on-Tees Chemical Works. 
The purification of clays by electrolytic methods, 
to which we recently referred in connection with 
Dr. Findlay’s lectures,* is exemplified by Messrs. 
Catalpo, Limited, of Holborn Viaduct, who show 
applications of their “catalpo” (colloidal clay) 
in the dyeing, printing, enamel, leather indus- 
tries and in catalytic processes, and by the 
Osmosis Company, of 36, Victoria-street, 8.W. 1. 
The latter company treats the crude clay, or marl, 
stirred into water, in a trough in which a cylindrical 
electrode revolves; the fine clay is scraped off 
the cylinder, the coarse particles settle and are 
compressed into various products. Certain electro- 
lytes are added to the water, and currents of several 
bundred volts applied; the company supplies 
machines turning out 14 tons of clay per week. 

As regards non-corrosive iron for chemical plant 
we notice the tantiron of the Lennox Foundry 
Company, of Glenville Grove, New Cross, S.E. 8, 
(which has recently taken up electrically-heated 
subliming and drying vacuum ovens, and vacuum 
grinding and drying mills) and the porcelain enamel 
cast-iron vessels, up to 600 gallons in capacity, 
of Messrs. T. and C. Clark, of Wolverhampton. 
These well-known enamels resist nitric, sulphuric, 
hydrochloric and acetic acids—not alkalis nor alkali 
sulpbates—and are utilised in sulphonating and 
nitrating pots, vacuums stills, tanks, conveyor 
pipes, elbows, &c., for laboratories as well as for 
plants. The “ceratherm” armoured centrifugal 
pumps of Messrs. Guthrie & Co., of Accrington, are 
made of acid-proof eathenware and said to be 
capable of working against a head of 150 ft., and 
of withstanding boiling nitric acid, hydrochloric, 
and sodium peroxide. We may mention also the 
vacuum drying machines for chemicals, preserves, 
&c., of Messrs. James Milne & Co., of Edinburgh, 
and their products. 

Paper and tezxtiles.—Chemical filter paper is 
now made in this country, also in the purest 
ashless grades, and Messrs. W. & R. Balston, of 
Maidstone, Kent (Whatman paper), as well as Messrs. 
J. Barsham Green & Son, of Maidstone, exhibit 
superior ashless and other filter papers in great 
variety ; elastic gray filterings for oil are shown by 
Messrs. Evans Adlard & Co., of Winchcombe, Glos. 
Textiles are not strong. The Ministry of Munitions 
exhibits textile fabrics (wool, silk, cotton, linen) for 
their special objects; the University of Leeds 


illustrates the possibility of obtaining worsted yarns 
without combing the cotton. Cotton By-products 
Company, and Mr. E. de Segundo, of Dashwood 
House, New Broad-street, E.C., exhibit a working’ 
model of a cottonseed-defibrating machine which 


* See ENGINEERING, May 9, page 589. 


removes the residual cotton fibres left by the gin in a 
form suitable for the manufacture of paper, fibre, 
explosives, &c.; Messrs. J. Spicer & Sons, of Red 
Cross-street, Southwark, show paper food containers 
in addition to office file, &c.; and Messrs. Mellor 
Bromley & Co., of Leicester, have a Minotaur plain 
circular knitting machine working. Some of the 
firms engaged in engraving and illustrating display 
commendable taste in their artistic exhibits. 


(To be continued.) 





LOCOMOTIVES FOR RAILWAYS IN CHINA. 

On page 116 we give illustrations of two t of 
locomotives which have been recently made te 
Baldwin Locomotive Works, Philadelphia, U.S.A., for 
service in China. In hoth cases the locomotives are 
of the Mikado type, and are of the 2-8-2 class. Fig. 1 
is an illustration of the locomotives made for the 
South Manchuria Railway, Korea, of which twelve were 
supplied.. They are built to the Baldwin standard 
designs, are capable of exerting a maximum tractive 
effort of 37,400 Ib., and of operating on the railway 
where the grades range up to 2} per cent. 

The leading dimensions are given in column one of 
the Table given below, and it is interesting to add 
that wherever practicable the details are interchange- 
able with those on some ten-wheeled r loco- 
motives supplied to the railway named by the same 
makers several years ago. The steam distribution is 
effected by piston valves (13-in. diameter) operated by 
Walschaert valve gear. 


Built for: 
South Peking- 
Manchuria Mukden 
Railway, Railway, 
Korea China. 
Fig. 1. Fig. 2. 
Gauge oa .. 4 ft. 8} in. 4 ft. 8} in. 
Cylinders .. es = .. 22 in. by 28 in. 21 in. by 28 in. 
Valves, “ piston’’ type .. .. 13 in. diam. 11 in, diam. 
Boiler— 
Diameter os 66 in. 68 in. 
Plate thickness. . +4 in. jin. 
Working pressure 185 Ib. 180 Ib. 
Fuel art ° Soft coal. Soft coal. 
Staying .. Radial. Radial. 
Fire box— 
Material. . - be Steel Steel. 
Plate thickness, sides . . in. in. 
o »  beck.. in. in. 
9 » crown in. in. 
oo os sMEEED..0% in. in. 
Water space— 
Front .. aa ‘ee ms 4in. 4 in. 
Sides .. a =o a 34 in. 34 in. 
Back .. o' os 2 3¢ in. 3¢ in. 
Tubes— 
Material 8 Steel. 
Diameter ats &2in vr &2 oy 
n. — 2 in. — 2 
Number { 2in. ~ 168 2in, — 172 
Length . ie 19 ft. 3 in. 18 ft. 
Heating surface— 
Fire-box . -. 163 sq. ft. 146 aq. ft. 
Tubes .. oo . 2,887 sq.ft. 2,219 sq. ft. 
Fire-brick tubes -. . 268q. ft. a 
Total .. ve . 2,675 aq. ft. 2,365 sq. ft. 
Superheater 612 sq. ft. 508 aq. ft. 
Grate area 46-7 5q. ft. 41-4 sq. ft. 
Driving wheels— 
Diameter, outside 57 in. 54 in. 
oni centre ! 50 in. 48 in. 
Journals, main .. 9in. by 12in. 9 in. by 10 in. 
wa others .. 8h in. by 12 in. 8hin. by 10 in. 


Engine truck wheels — 
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steel plate 1} in. thick, strongly braced transversely 
by atel castings, plates and angle The are 
capable of exerting a tractive of 35,000 Ib, The 


leading dimensions of these locomotives will be found 
in column two of the table. 

All the locomotives are fitted with superheaters, 
cast-steel piston heads of dished section with tail rods 
and cast-steel crossheads with cast-iron wearing shoes. 
They have roomy cabs of the American pattern, and 
are complete with all the usual fittings, boiler mount- 
ing and accessories. 

The materials used in the construction of the loco- 
motives comply with the requirements and specifica- 
tions issued by the American Society for Testing 
Materials, whilst the whole of the threads on the screws 
and bolts are to the standards of the British Engineer- 
ing Standards Committee. The chief culars of 
the locomotives referred to are given in the table. 





PrrsonaL.—Major A. L. Young, late of the War 
Office and Directorate of Auxiliary Vessels, Admiralty, 
since being invalided out of the » has taken over 
the business of Bruntons, Limited, Sudbury, Suffolk, 

eral engineers, brass and ironfounders end epesialiots 
in propellers and motor-boat fittings. 





Quesec Provincia, Exurerrion.—The 
Trade correspondent at Quebec reports that the annual 
Quebec Provincial Exhibition will be held from August 8 
to September 6, and he suggests that British manufac- 
turers of road-making machi , stoves, automobiles 
and parts, cutlery, &c., would find in this exhibition an 
opportunity for extending their trade in the Canadian 
market. 


Imperial 





Unrrep Srares Exports.—<According to Boston 
Transcript, a compilation by the National City Bank 
shows that the value of finished manufactures exported 
in the six months following the armistice a; 
1,161,000,000 dols, or an average of 193,000,000 dols. per 
month, The corresponding 1913-14 average was but 
61,000,000 dols. In the export of other groups of manu- 
factures, classed as ‘‘ manufactures for further use in 
manufacturing,” there has also been an increase, but not 
as great. These averaged about 2,500,000 dols per day, 
compared with 1,000,000 dols. This growth in the 
exports of finished manufactures has been chiefly to 
South America, Asia, Oceania and Africa. 





Exrectric REGENERATION ON Swiss Monopnase 
Rattways.—The first e iment, on the recovery of 
the electric energy, which the braking or down- e 
movement renders available, were made on the h- 
berg line of the Swiss Federal Railways, on June 27. 
The system tried was that of the Maschinenfabrik 
Oerlikon, and the success is described as complete. The 
tests were conducted with the locomotive which the 
Oerlikon Company, in conjunction with the Lokomotiv. 
fabrik Winterthur had built for the Gotthard Railway, 
and which has since May been in regular service on the 
Bern-Thun Railway. In the tests the engine was run at 
different , up to 70 km. hour, down hill, first 
empty, and then with a load of 310 tons, without making 
use of the mechanical brakes or of any brake resistances. 


It is said that the remarkably simple devices operated 
to complete satisfaction from the start, and the detailed 
account of the tests will hence be a matter of ider- 





able interest. 





Quarry or Japanese Export Goops.—Speakin, 
recently at the London Chamber of Commerce, Mr. E. 
Crowe, C.M.G., counsellor to H.B.M. Embassy, Japan, 
said that Japanese Consuls in their reports and Japanese 


ja ia ; 1) 5 in by i0 in. 5} .. Ministers of State have often exhorted their compatriots 
Diameter, back is 40 h. 43 in. to improve the quality of their exports. Furthermore, 
Journals ia .. 74 in. by 12 in. 6 in. by 11 in. | the Depastenent of Agriculture and Commerce have 
Wheel base— inaugurated a system of inspection of exports, whereb 
Driving .. 165 ft. 16 ft certain classes of goods are carefully examined. Labels 
7 .: . . 16 ft. 15 ft. and stamps are affixed to goods which have passed the 
1 os $1 ft. 8 in. 31 ft.4in. | inspection, and none but such articles are allowed to be 
Total engine and tender 63 ft. 2 in. 59 ft. 1g in exported. This step became necessary, because it was 
Weight, estimated— found that very large quantities of inferior 8 were 
Ondrivers __.. 154,000 Ib 142,000 Ib. | being shipped abroad and were damaging the general 
», truck, front 18,000 Ib. 18,000 Ib. reputation of Ja In theory th 
back 26,000 Ib 28,000 Ib. | T°P ponen capers. 5 ty the system 
"Total, engine wie .. 198,000 Ib 188,000 Ib is no doubt excellent. In practice it has probably stopped 
Total, engine and tender .. 318,000 Ib 000 1 the shipment of absolute rubbish, but the number of 
Tender— inspectors is too small to permit of a careful examination 
Wheels, number 9 of Moreover, even were very careful examina- 
»» diameter Bi 34 in. 33 in. tion to take place, it is not certain that the time thus 
Journals és . 5in. by@in. 5$in. by 10in.] expended might not frequently result in long delays 
Tank capacity .. . .6,000 U.S. . 6,000 U.S. gale. | super-im on already late deliveries, and would 
Fuelcapacity ..  .. .. 14 tons. 8% tons. thus be as disadvan us as the export of inferior 
The locomotives of the type shown in . 2,] gocods. Mr. Crowe has been told by buyers of Japanese 


116, were constructed for the Peking M 

ilway, China, This company placed an order for 
fourteen engines, and a further four engines to the 
same designs were supplied for the i-Pienlo 
Railway, also in China. These locomotives, although 
they — follow the Baldwin standard designs, 
differ them in that the frames and running gear 
follow European practice, and a further restriction was 
imposed, as it was a requirement that the overall 
dimensions should be such that they could be turned 
on a standard turntable having a diameter of 65 ft. 

The frames of the locomotives shown in Fig.!2 are of 








exports that what they complain about is not so much 
poor quality as unreliability. Provided the goods are 
equal to the sample, there is often a demand for an 
article of poor quality if itis cheap, but when articles 
are often worse and rarely better than the sample, and, 
on the whole, lacking in uniformity, it is hard to di 

of them. It will be difficult, however, if not impossible, 
to remedy this defect so long as Japanese articles are 
turned out as at present by cottage industry and by 
cheap labour working in very small factories. The only 
way to overcome it is by careful inspection and grading 
by the shipper of the goods, a shipper of ite who 
expects to do business with his customers for many 
years and not to make his profits off one transaction. 
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INDUSTRIAL NOTES. 


A rogTuEr improvement in the state of employment 
is shown by the information collected for the month 
of June, says The Labour Gazette. During the four 
weeks ended June 27, the number of unemployed 
—_ whose Out-of-Work Donation policies remained 
odged at Employment Exchanges decreased from 
771,211 to 606,125, a drop of 21 per cent. Between the 
end of May and the end of June the percentage of Trade 
Union members who were reported as unemployed fell 
from 2-1 to 1-7. Reference to the detailed reports on 
the various industries reveals that in most cases there 
was either a slight improvement, or no appreciable 
change in the state of employment. 

Increases in wages which came into operation in June 
affected 350,000 workpeople, and nearly 100,000 work- 
people obtained reductions in hours of labour. At 
July 1 the general level of retail a of food and 
other items entering into the cost of living was between 
105 per cent. and 110 per cent. above the pre-war level, 
and was slightly higher than a month earlier, this being 
the first increase since the date of the armistice, when 
the general percentage increase was between 120 per 
cent. and 125 per cent. above the level of July, 1914. 

The total number of persons in receipt of unemploy- 
ment donation at June 27 was 606,125. composi- 
tion of this total was as follows: (a) Civilians—Men, 
106,661; boys, 6,615; women, 113,462; girls, 6,544 ; 
(6b) Demobilised : Men, 370,696; women, 2,147. An 
analysis of the policies lodged at June 27 revealed 
that 63,938 of the unemployed persons were in receipt 
of the reduced donation paid to civilians after t 
expiry of the first period of 13 weeks’ unemployment. 

The number of men on the live registers of the 
Employment Exchanges at July 4 was 516,263, or a 
decrease of 52,835 on June 6; and the number of 
women was 182,998, or a decrease of 73,040 on the 
total at June 6. The number of vacancies unfilled on 
July 4 was 44,904 for men and 55,289 for women, the 
corresponding figures for June 6 {being 45,311 and 
59,751. 

Trade Unions with a net membership of 1,334,206, 
excluding those serving with the Forces, reported 
1-7 per cent. of their members as unemployed at the 
end of June, as compared with 2-1 per cent. at the 
end of May and 0-7 per cent. a year ago. 

The number of workpeople employed at coal mines 
included in the returns for the period ended June 21 
was slightly greater than in the period ended May 24, 
and 20 per cent. greater than a year ago. Employment 
continued good at iron and shale mines, fairly good 
at lead and tin mines, and good generally at quarries. 

In the pig-iron industry employment remained 
At iron and steel works it continued good on the whole, 
and was about the same as a month ago and a year ago. 
There was an improvement in the engineering trade 
in June, but there was still much variation in the state 
of employment in different centres. In the shipbuilding 
trade, employment remained good on the whole. In the 
tinplate trade employment continued good, and was 
much better than a year ago, an increase of 40 per cent. 
being recorded in the number of mills in operation. 
In other metal trades employment was fairly good on 
the whole. 

There was a further improvement in the brick trade. 
Cement workers continued to be well employed, and 
worked a considerable amount of overtime. In the 
pottery and glass trades employment continued good. 
In the building trade employment improved and, 
taken as a whole, was fairly good. In the woodworking 
and furnishing trades employment was usually good 
or fairly good. 


remained slack. Dock and riverside labourers were 
fairly well employed ; the supply of seamen was equal 
to, or in excess of, the demand. Fishermen were well 


employed on the whole, and the quantity of fish landed | 


was nearly twice as great as in May. 


ment as having come into operation in June resulted 


affected women and girls employed in miscellaneous 
metal trades and in aircraft manufacture; and iron 
puddlers and iron and steel millmen in the Midlands. 
The changes in hours of labour during June affected 
nearly 100,000 workpeople, whose 


week. 





According to The Iron Trade Review, Cleveland, 
Ohio, organised labour seems determined to abolish 
rs and bonus systems; its efforts to demand 

igh wages without giving value received are incon- 
sistent, and ignore the economic equation. The manu- 
facturer of the present day faces serious problems 
which in the easy days of ten years ago were much less 
vital. He must pay high wages, enormous taxes, build 


In the paper and printing trades it, 
showed a slight improvement; with bookbinders it’ 


recognised working | Barnsle 
time was reduced by an average of about five hours a! 


modern plants and put down up-to-date machinery or 
be outdistanced. 

A consistent premium or bonus system, whereby the 
honest worker is rewarded in direct proportion to his 
efforts, aids materially in helping the manufacturer 
to get value received from the wages he pays. Yet 
organised labour cannot or will not admit the practical 
justice of this . Its stand seems to be that 

bour must be continually emplo at all hazards, 
including the poor workman and the indifferent. The 
slacker and the incompetent, according to the edicts 
of organised labour, must be paid’as much as the fair- 
minded worker who does his \. 

If organised labour were half as sincere as it pretends 
to be, it could not advocate measures to compel manu- 
facturers to pay the lazy and the incompetent the same 
wages as are earned by the honest toiler. Productive 
efficiency is and must remain the guiding star of 
America if prosperity for employer and employed is 
to be enjoyed and kept. If labour and capital would 
co-operate as partners in business, the United States 
could embark on an industrial expansion programme, 
the like of which the world has never known. On the 
other hand, if labour is so blind that it cannot see the 
employers’ side of the question, we (the United States) 
are bound to be seriously handicapped, while more 
progressive nations reap rewards of reconstruction. 





The American Federation of Labour, says The Iron 
Age, New York, adopted a resolution at its Atlantic 
City convention, declaring that a broad programme) 
of scientific and technical research is of major import- 
ance to the national welfare, and should be fostered in’ 
every way by the Federal Government, and that the, 
activities of the Government itself in such research 
should be adequately and generously supported in 
order that the work may be greatly strengthened and 
extended. 





With regard to the advance of 6s. per ton in the pit- 
head price of coal referred to in our last issue, the 
Government proposed to postpone the application of 
this advance, provided the miners agreed not to strike 
for a period of three months. This offer on the part 
of the Government was rejected at the Miners’ Con-' 
ference held at Keswick on Thursday, the 17th inst., 
by a resolution which reads as follows :— 

“This annual conference, having heard the report 
of the miners’ Members of Parliament upon the dis- 
cussion in the House on the Government’s proposal 
to raise the price of coal by 6s. per ton, declare that. 
the increase is not necessary, and should be avoided. 
It regards the problem as one of production only. 
It is of opinion that production can only be increased 
to a point which will make the industry self-supporting, 
without additional charges to the consumer, if the 
economies set forth in the first Sankey Report are 
effected and the recommendation of the majority of 
the Commissioners as to an immediate change of 
ownership and control in the mining industry be passed 
into law. 

“ It further informs the Government that it is pre-' 
pared to co-operate with the Government to the fullest | 
extent to put such economies into effect and the’ 
recommendations into law.” 

The 6s. advance came into force last Monday. 

At the same conference another resolution was 
passed, dealing with the piece-rate difficulty. It! 
states :-— 

“That this conference decides that the maximum 
figure to be accepted in any given district for the 
reduction of one hour per working shift is to be 14-3 
per cent., with a proportionate increase for every’ 
fractional part of an Sone reduction, provided that such 
increase in rates shall not mean an increase in actual 
wages.. This conference instructs the Executive Com- 
mittee to acquaint the Government with this decision, 


| and to obtain an interview with the object of a settle- 
The changes in rates of wages reported to the Depart-. 


ment on the above basis. In the meantime, all’ 


| districts are requested to continue working until 
in an increase of about 75,000/. in the weekly wages of | 


nearly 350,000 workpeople. The principal changes’ 


instructed to the contrary.” 


Notwithstanding the request in this second resolu- 





j tion, the strike in the Yorkshire coalfields mentioned 


on page 80 ante has continued and has increased in 
intensity. Speaking on the matter last Saturday at 
y, Mr. Herbert Smith, President of the York- 
Coun dnuling ‘Ott; Gho-guaiten af tho Gauhey event 

ing with t ition of t! award 
since June 16, and ro sr sought to ney Be the 
award at single shift collieries, with the exception that 
they asked for a uniform six-hour day for Saturdays, 
where at present working conditions varied from 6} 
to 5$; they would still be giving hours work per 
week. At double-shift collieries the surface men 
before the Sankey award were working 46} hours per 
week inclusive of meal times, and some less. All the 
association had done in this connection was to ask for 
& continuation*of customs that had prevailed in the 





| shock to former residents in the Straits who liv 





county. In regard to the 14-3 per cent. for piece 
rates, their application was for 16-66. After many 
meetings with the owners they arrived at 14-3 as a 
basis of settlement. If.they had been met by the 
West Yorkshire owners in a spirit similar to that shown 
by the South Yorkshire owners there would not have 
been much left to settle on the 15th inst., the date on 
which the strike started. But with the Coal Controller's 
interference and the timidity of the coal owners in 
West Yorkshire they had arrived at the present position, 
and the men had taken this step in a constitutional 
manner. 





On Saturday last, over 50,000 men in charge of 
pumping and other safety operations at the Yorkshire 
collieries went out on strike. Owing to the extreme 

vity of the situation, the Government decided, on 
ed to send to the collieries men from the Navy 
for working the pumps and the ventilating machinery. 
On Monday Sir R. 8. Horne, the Minister of Labour, 
sent the following letter to Mr. F. Hodges,’ secretary 
of the Miners’ Federation of Great Britain :— 

“The Government directs your attention to the 
resolution of the Miners’ Conference on Thursday, 
July 17, instructing the men connected with the mines 
to. remain at-.work pending a meeting between the 
Government and the Miners’ Executive regarding piece 
rates. 

“In this connection the Government are anxious 
to know what action the Federation proposes to take 
regarding the calling out by the Yorkshire District 
Council of the pumpmen in the Yorkshire coalfield, 
owing to which many mines are at present being flooded. 

“1 need not point out to you the disastrous con- 
sequences of this action. It involves the ruin of the 
mines, many of them permanently, and will have the 
result of destroying the means of livelihood, not only 
of the miners themselves, but also of all those in 
the Yorkshire district who are dependent on the coal 
industry. 

“In view of these grave consequences the Govern- 
ment felt compelled yesterday to send men from the 
Fleet: to give aid in working the pumps, but these 
would be withdrawn as soon as the Federation can 
induce the regular workmen to return to duty. 

“ As this is a matter of great urgency, I am instructed 
to ask for an immediate reply.” 

At the time of going to press, no reply had been 
received by the Minister of Labour to ‘his letter. 

In the meantime several Yorkshire collieries are 
flooded, others are threatened with the same calamity, 
and the strike has extended to the collieries of per 
bouring counties. Industrial establishments in Sheffield, 
Leeds, and other centres are gradually closing. down 
through lack of coal. 

Sir Eric Geddes has set up in Leeds a Department 
for Coal Mines Maintenance. 





SwepisH Iron OreEs.—Professor Anderson, of Stock- 
holm University, recently stated in the course of a lecture 
that Sweden was able both to export her ores and to 
melt them in the country for the manufacture of Swedish 

ig-iron, but she had to use discrimination in the matter. 

he Swedish iron-ore exports aggregated only 92,000 
tons last April, as against 213,000 tons in April, 1918, 
and 259,000 tons in April, 1917. Pig-iron exports 
last April were 9,917 tons, and in April, 1918, 15,382 
tons. 





Coat PRICES IN THE Far East.—People at home who 
are protesting so loudly at the high prices of all commo- 
dities, and at. the present. moment are particularly 
suffering from the addition to the price of coal, may not 
— be‘aware that Britishers in some of our far-off 

lonies are suffering even more from this cause. For 
example, we (The London and. China Telegraph) hear 
that the present price of coal at Singapore is $45 a ton, 
or, say, 100s.—a figure which is calculated to give a 
there 
in pre-war days. In other parts of the East the rates 
are even higher, as, for instance, at Batavia, where 
bunkers are selling for 135s. a ton.: Such prices as these 
must necessarily seriously affect commercial matters, 





Batt Test For -Rars.—An account is given in 
Engineering News Record, New York, of the recent 
meeting of the American Society for Testing Materials. 
It states that precedents in American rail specification 
were broken by the Steel Committee, in abolishing the 
drop test for girder rails and high tee rails (for street- 
railway service), and replacing it by a ball impression 
test for hardness. e step was taken at the request 
of electric railway technical bodies, who desire a 
rail to resist wear, and do not consider brittleness a 
a where rails are bedded in pavements. ion 
of this change in method to railway rails is not thought 
likely. Further noteworthy features of the change are 
(1) that no upper limit of hardness is fixed, but. merely 
a lower limit, and (2) that the Brinell test is not adopted, 
a larger ball and a much higher loading being specified. 


rat pene the fet oy apnea gag plea apa 
a load of 100,000 Ib. applied for 15 seconds; the 
resulting impression should not be deeper than 3-6 mm. 
oo in.) for class B, or 3-8 mm. (0-149 in.) for class A 
rails. 
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THE USE OF PULVERISED COAL. 
Use of Pulverised Coal, with Special Reference to its 
Application in Metallurgy.* 

By L. C. Harvey (London). 

(Continued from page 67.) 

SysTEeMs. 

“*Hortseck ” (Bonnot) System. 

The Bonnot dryer (Fig. 6) consists of but a single 
shell, and the hot gases from the furnace pass directly 
over the fuel to be dried. In America 30 or more in- 
stallations are now in successful operation. At most of 
these plants the Bonnot pulverising mills and dryers 
are in use, but in some cases other standard types have 
been adopted. The arrangement may necessitate a 
tortuous line for the main supply pipe, but any increase 
in the number of curves or bends apparently only requires 
additional pressure on the air supply or the provision 
of booster mixing fans at certain points. The course 
followed by the coal after delivery at the track hopper 


and up to the pulverising mills is the same as in all other | sys' 


systems. 
In the Bonnot pulverising mill (Fig. 7), the powdered 
coal is delivered into the cyclone separator, whence it 
into the storage bin, and is extracted therefrom 
in quantities contrelled by the speed of the feed screw 
and mixed with air through the medium of a high velocity 
fan in the mill-house. Approximately, 40 per cent. to 





In the author’s opinion, further improvements have 
yet to be made in connection with this automatic control 
apparatus. The idea is very well conceived, but the 
actual apparatus is somewhat too complicated or too 
delicate to stand the test of ro mill-house use. 

Burners.—The mixed air and coal dust is taken to 
the burners from the supply main by means of 
branch pipes in a similar manner to the supply of gas. 

Branch control shutters or valves are placed close up 
against the supply main, in order to prevent the settle- 
ment of coal dust in the down pipes. The wingman A 
air for combustion is delivered through a main air 
te the burners in the usual manner. 


As a rule, the Holbeck burners are fitted with end 


cover plates, and very often some of the ash ted 
at the burner outlet is removed by raking it through the 
back ends of the burners. For high-tem ture work 
the burners are water-cooled, which would appear to be 


a disadvantage, as it involves the addition of a com- 
plicated network of water pipes and a wastage of water. 

Why water-cooling should be adopted with this 
tem is not readily explainable, unless it is that on 
account of the more perfect mixing of the coal dust with 
the air supply before the fuel enters the furnace, com- 
bustion takes place closer to the burner orifice than 
with other systems. Coal dust and air are, however, 
often mixed some feet away from the orifice of the burner 

ipe in cases where water-cooling is not employed, and 
it would seem that the mixing of the coal dust and air 
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50 per cent. of the air required for combustion is mixed 
with the coal dust in this manner, the mixture travelling 
through the supply pipes to the furnaces, under a pressure 
of some 10 oz. per square inch, and at a rate of 5,000 ft. 
per minute (roughly 1 mile per minute). 

Any portion of this air and coal dust mixture not 
used in the furnaces is returned by the loop system to 
the cyclone separator wherein the coal dust is collected 
and the air with which it was mixed is discharged into 
the atmosphere. The extracted coal dust is returned 
to the storage bin for remixing in the mill-house fan. 
There must necessarily be times when only a few furnaces 
are in operation, yet the full supply of coal dust must 
be maintained as for maximum requirements. Power 
wastage at the mill-house mixing fans and for booster 
fans must be considerable under such circumstances. 

In order to ensure that the proportion of coal dust 
and air in the supply pipe is constant, a special automatic 
regulator is oak The action of this regulator is depen- 
dent upon the rate of air supply to the fan. As the 
demand increases, so does the air-control cylinder valve 
open, and by means of a self-adjusting control device 
the speed of the coal dust feed screw is increased or 
reduced, and a greater or less quantity of coal dust is 
fed into the mixing fan. 





* Paper read before the Iron and Steel Institute on 
Thursday, May 8, 1919. 





would be almost the same in these instances as for the 
Holbeck system. 
* Quietey”’ SysTem. 

Description of Mill-House Plant.—An outlay arrange- 
ment for a Quigley mill-house plant is shown in t 
‘** Report,” so that it will only be of interest to reproduce 
@ general view. 

Fig. 8 represents such an installation in elevation, and 
the course of the coal from track hopper to blowing tank 
can be readily traced. The coal on delivery is put 
through the preliminary crusher; it is elevated to the 
magnetic separator, over which it to the crushed- 
coal bin. From this bin the coal is fed to the Ruggles- 
Coles dryer, which is fitted with an exhaust fan for 
removing the products of combustion, water vapour, 
and fine dust, the latter being deposited in the cyclone 
separator seen above the dryer. At the dryer discharge 
end the coal is elevated to the dry-coal bin, from which 
it is fed by gravity into the Raymond pulveriser. 

The freed air in the cyclone separator is returned to 
the pulveriser. The positions of the motors for driving 


the plant, and that of the air compressor for coal-dust 
transportation to the furnaces, are indicated. 
Air-Pressure Transportation of Coal Dust.—Fig. 9, 
page 126, shows the powdered-coal storage bin, the 
lowing tank, and the transport pipe line, in which 


The quantity of coal dust sent to any icular 
furnace bin is read off on the scale of the weighing plat- 
form on which the blowing tank is situated. 





Fie. 7. Bonnor 





semi-automatic switch valves are provided for diverting 
the coal dust into the supply bins at the furnaces, 
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AND “ QuieatEy”’ Biowrna Tanks. 


The cycle of operations is detailed on page 19 of the 
id Report.” 

It will be noticed that every furnace bin is fitted with 
@ cyclone coal dust delivery separator. The air used in 
the propulsion of the Seat oun the blowing tank at the 
mill house escapes through the vent pipe attached to 
the cyclone separator. 

That this system has distinct advantages in connection 
with the delivery of coal dust through ordi supply 
pipes, as for gas or water, is unquestionable. Goal dust 
can ve readily conveyed into the bunker cylinders of a 
ship in dock, or special colliers can be used for coaling 
ships in harbour or at sea. 

_ It has been suggested that a coaling barge, having air- 
tight bunkers for powdered coal, would be most suitable, 
and each bunker would be provided with one of the 
semi-automatic switch cylinders mentioned above. 

Coal-Dust Feeders.—The universal practice is to make 
use of the single or double flight screw feeder. In most 
systems the worm is operated by a variable speed motor 
in order to control the quantity of coal dust fed into 
the air-blast at the burner. For the purpose of elimi- 
nating the variable speed motor, the Sui ley constant- 
speed feeder shown in Fig. 10, Page 126, been used 
with success, and it is possible in this manner to run a 
number of feeders from line shafting. 


Tue “Fourier” Systrem. 
This is undoubtedly the pioneer system for the use 
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of powdered coal. The chief feature of a Fuller installa-| mills are of the screen separator t 
tion is simplicity of lay-out from the raw coal track | coal being delivered into the boot o 
hopper to the furnaces. The coal and coal dust in the | discharging into the screw conveyor transport line. 


» the pulverised 
@ bucket elevator 


strain. The wearing effect of coal dust on the fan blades 
is often excessive, and renewals of fan blades will be 
required every few months. 
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Fie. 13. 


Fuller mills can equally well be made with air-separator 
fans, but as a rule the makers prefer to supply their 
screen mills rather than fit the mills with coal dust 
exhaust fans for the following reasons; these can be 
taken as applying to air separator mills in general. 

(a) For equal output of coal dust 25 per cent. to 
50 ang cent. additional power is necessary for air-separator 
mi 








($00s£) 
Fie. 12. Powprrep Coat System ror 
Brick Kirns. 


(b) Suction fans for air separation must be run at 
high velocity, 1,000-1,250 r.p.m., depending on fineness 
required, quantity of coal per hour, position of fans in 
relation to cyclone separators, &c. At this speed fans 
having wheels of 42 in. diameter or so bear a tremendous 


mill-house are handled by means of bucket elevators and 
screw conveyors, and the latter means of transportation 


is generally employed to carry the coal dust to the 
points at which fuel supply is i The standard 





*“*Covert’”’ SysTEM. 


(c) The power required for this operation to remove 
4 tons of coal dust per hour is some 35 h.p., whereas 4 
bucket elevator used in conjunction with a screen 
separator mill requires but 5 h.p. for the same duty. — 

(d) In @ measure, Fuller screen mills are provided with 
suction slow-s fans integral with the grinding 
elements. The action of these fan blades is sufficient 
to collect the dust from the grinding zone and to force 
it through the screens. The power to operate these 
fan blades is but 1 per cent. of the power taken by the 


mill, whereas for air separation the power for the ex- 
hausting fan may be 35 per cent. or 40 per cent. of the 
mill power. 
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It is claimed that the Fuller mill has a larger grinding 
surface than ~~ other mill of its kind, due to the circular 
movement of the pushers and balls which operate in a 
concave-shaped grinding ring. The effective pulverising 
surface is, therefore, greater than in mills fitted with 
vertical shafts to which rollers are attached, in which 
case effective grinding only takes place at the circum- 
ferential points of contact between the rollers and the 
bull ring. - 

The Fuller dryers differ from the Bonnot, Ruggles- 
Coles, and Cummer dryers in that the heating chamber 
surrounds a considerable portion of the drying cylinder. 
In this wav the heating gases come in contact with the 
walls of the cylinder; they then pass through a duct 
to the end of the dryer, returning through the cylinder 





This equipment forms a self-contained plant suitable 
for a small furnace shop. Such an arrangement can 
often be used to advantage in conjunction with the usual 
bin system for other parts of the works, and forms a@ 
supplementary system for use under special circum- 
stances. The powdered coal is delivered to the fuel 
bunker by screw conveyor and the mixing operation 
effected through the medium of the rotary fan. 

The author is indebted to Mr. Bergman for many of 
the comparative results between powdered-coal 
furnaces and those heated by other means, which are 
mentioned in this paper and the “‘ Report.” 


“Covert” System. 
Mr. Covert has aimed at supplying specially designed 
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Fie. 14. 





Fig. 15. 


in direct contact with the coal. This type of dryer is 
shown in Fig. 11, page 126. 

The “‘ Fuller ’’ equipment for locomotives is referred to 
in the “ Report’ and later on in this paper. 


Tue “ Beroman”’ System. 


Mr. L. H. Bergman advocates the bin system of fuel 
storage at the furnaces or boilers, and he uses standard 
mill-house age my such as Ruggles-Coles dryers, 
Raymond Mills, but for certain special cases an air 
and coal dust mixture system is supplied. 

A diagram of this system is shown in Fig. 12. It 
differs from the “‘ Holbeck” in that the surplus mixture 
not used in furnaces is returned to a cyclone separator, but 
the coal dust extracted therein, instead of being returned 
to the main fuel bin, is returned to the coal feed-screw, 
the freed air and fine dust which may be still in suspension 
is withdrawn direct to the mixing fan inlet instead of 
being exhausted into the atmosphere. 


* Agro” PULVERISER MILL. 





GRINDING 


Fie. 16, 


apparatus to suit each 
individual  applica- 
tion, and to this end 
the continuous coal 
dust and air mixture 
system shown in Fig. 
13 has been devised. 

This is again unlike 
the pioneer ‘“ Hol- 
beck ” system in that 
the return of surplus 
mixture is taken 
direct to the mixing 
fan inlet, there being 
therefore, little waste 
power in dealing with 
this surplus fuel and 
air. Any deficiency is 
drawn from the mix- 
ing chamber at the to: 
of the main fuel tank. Coal dust is injected into this 
mixing chamber by means of a small quantity of com- 
pressed air, and the actual supply of coal dust and air 
withdrawn is regulated by the diaphragm control shown 
at the top of the make-up pipe. 

The special screw feeder supplied in connection with 
the Covert system is shown in Fig. 14. This arrange- 
ment of interconnected cross-feed screws ensures a 
regular feed and to a great extent prevents flushing. 

Coal dust is conveyed by screw conveyor or by means 
of compressed air, and at one plant visited coal dust was 
transported by the latter method a distance of 1,500 ft. 
through 1,782 ft. of 3-in. pipe (allowing for bends and 
detours). 

One or two of the more important points claimed for 
this continuous air and coal dust distributing system are : 

(a) That the coal dust is not separated out after havi: 


AIR SEPARATION 
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once been mixed with air, and is, therefore, not subjec 
to an oxidising process more than once. This practically 





removes the difficulty experienced with other air and 

coal dust mixture systems as applied to low-temperature 

furnaces in which it is sometimes impossible to burn 
ially oxidised coal dust. 

(b) In other systems the larger particles of coal dust, 
due to their momentum and inertia, pass the branch 
openings to furnaces and are returned to the main fuel 
bin ; in consequence a collection or strata of coarse coal 
is often present in bins connected with such systems. 
In the Covert system all coal once taken from the bin 
is in constant circulation until burned, any coarse 
particles being ultimately split up in the mixing fan. 

(c) The mixture is supplied at constant velocity, and 
is, therefore, at constant richness, no matter how many 
furnaces may be working at one time. 
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“ Srroup” Ar SEPARATION PULVERISER. 
(View From Front Enp.) 


Tue “ Arro” SystTem. 


The Aero mill is a small compact pulveriser unit, 
and it has been extensively adopted in cases where a 
comprehensive mill plant cannot be entertained. As 
@ means of pulverising fuel to a certain degree of fineness 
it has proved very satisfactory, but it will not produce 
coal dust at the degree of fineness required for efficiently 
heating certain types of metallurgical furnaces. 

The pulveriser is shown open in Fig. 15. It is of the 

beater type, and no dryer is used as a rule. Coal is fed 
into the reciprocal feed chamber, coal and air entering 
together; the pulverisation and air-mixing takes place 
during the one operation. Rotary fan blades attached 
to the main shaft at the discharge end induce a current 
= air through the mill and remove the particles of 
coal, 
It can only be said that this is more or less of a crude 
type of apparatus in comparison with the comprehensive 
plants described, but it fills a gap where small quan- 
tities of pulverised coal are Fm § 

Apart from particular applications where this unit is 
preferable, it can be made use of to advantage when 
preliminary experiments are to be carried out in advance 
of making a decision as to whether a complete mill- 
house plant should be installed. 


“ Srroup ” System. 


Another type of small self-contained pulveriser 
apparatus is shown in Fig. 16. This we belongs 
to the disintegrator class of machines. Coal of }§ in. to 
2 in. cubes can be fed into the pulveriser, and the lum 
are thrown against each other and against the rough- 
toothed lining plates by the rapidly revolving beaters. 
When pulverisation has taken place the dust is extracted 
by means of an exhausting fan, fineness de i 
upon the speed of the latter and the velocity of the air 
current through the grinding chamber. Coarse particles 
fall back into the grinding chamber. Like the “ Aero”’ 
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this machine would be useful for o=ppiying sael quan- 
tities of pulverised coal and for making trials on furnaces 
prior to installing a complete mill-house plant. 


(To be continued.) 





SCIENCE AND ITS APPLICATION TO 
MARINE PROBLEMS.* 


By Professor J. C. McLennan, O.B.E., F.R.8., Scientific 
Adviser to the Admiralty. 


Introduction.—In the great struggle which has just been 
brought to its close the introduction and use of the 
submarine as an agent of unrestricted warfare by our 
former enemies, constituted a of para t and 
vital importance to tho safety and welfare of the British 
Commonwealth and of its allied nations. 

As early as 1915, a Board of Inventions and Research 
was set up in the Admiralty under the presidency of 
Admiral of the Fleet the Lord Fisher of Kilverstone, 
G.0.B., O.M., G.C.V.O., LL.D., for the purpose of 
developing anti-submarine devices and systems capable 
of coping with the menace. This Board consisted of the 
President and Professor Sir Joseph J. Thomson, O.M., 
Pres.R.S.; the Hon. Sir Charles Parsons, K.C.B., 
F.R.S. ; Sir George T. Beilby, F.R.S. ; and Vice-Admiral 
Sir Richard Peirse, K.C.B., K.B.E., M.V.O.; and it 
was assisted by a panel of the ablest scientists available, 
as well as by a secretariat and series of sub-committees 
of leading naval officers and scientific experts. 

In the autumn of 1917, after exhaustive researches 
had been carried out by this Board, it was finally realised 
by all that the submarine problem was one of the most 
difficult ever presented to science for solution. It 
became clear that it was necessary to introduce into 
service practically a new system of physical science and 
engineering, and the Admiralty, at the instance of the 
Right Hon. Sir Eric Geddes, G.B.E., K.C.B., M.P., 
First Lord, decided to broaden the field from which 
scientific and engineering talent could be drawn, and 





set up within the Admiralty a Department of Research 
and Experiment under the direction of Mr. Charles H. 
Merz. he Board of Invention and 


was 
incorporated in this department, and Anti-Submarine 
Committees were constituted in such important industrial 
and technical centres as the Lancashire and Clyde 
districts. 

In the naval service, too, a special Anti-Submarine 
Division was organised under Captain W. W. Fisher, 
C.B., R.N., and in the Department of To oes and 
Mines under Rear-Admiral the Hon. E. 8. Fitzherbert, 
C.B., and later under Captain (now Rear-Admiral) 
F. L. Field, C.B., R.N., provision was made for greatly 
extending by research, experiment and trial the capa- 
bilities and use of improvements in mines and torpedoes 
as aids to naval warfare. Steps were also taken to 

romote the closest and most efficient co-operation 

tween the departments of the naval service and those 
of the civilian scientific staff. 

Extensions were also made in their organisations by 
our Allies, and as a result of this great effort it may be 
stated that by the late summer of 1918 it became clear 
to those associated with the movement, that the sub- 
marine problem was well in hand from a scientific point 
of view, that the character of the means of coping with 
the menace in an effective manner was clearly defined, 
and that the elimination of the pest by the service was 
only a matter of a few months’ time. 

At the time the Armistice was signed, only a few of the 
most powerful and effective devices developed were 
actually in service, but the results which were obtained 
by means of these for the short time they were in use 
were proportionately great. It is but right to say that 
the destruction of by far the great majority of the enemy 
submarines which were rendered inn was 
plished by the Naval Service by the use on an enormous 
seale of the ordinary methods available to it before 
the war began, or which were rendered available to the 
service in the early years of the war. Potentially, 
however, science by its advances has greatly extended 
the basis of service methods, and though much has yet 
to be done in the field of development of particular 
systems and devices it can be said, speaking con- 
servatively, that the submarine in its present s of 
development and in the method of its use hitherto 
adopted by our former enemies has been overcome as @ 
menace to our national safety and well being. 

Wor several reasons one in my position cannot give 
details of a number of the measures taken and means of 
destruction adopted in the anti-sub ine paign, but 
it is in the national interest to foster and stimulate co- 
operation by our people in the development of science 
and of its application to naval and other marine problems. 
In the following psy therefore, a brief survey will be 

ven of some of the most notable advances made in 

ng with certain naval and ma-ine problems presented 
to us on the naval side during the war. , 








ANTI-SUBMARINE MEASURES AND DevVIcEs. 

_ (a) Listening Devices.—As the power of the submarine 
in its attack is due to its invisibility, it is clear that in 
countering it methods must be employed which will 
reveal its presence and give definite information regardin 
its movements. Of all the physical distiirbances emit 
or produced by a moving submarine the pressure waves 
set up in water by vibrations having their source in the 
vessel are the ones which are propagated to, and are 
detectable at, the greatest distance. Efforts were there- 
fore directed from the first to the development of listening 
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devices. The investigations in this field were exceedingly 
ramified and were pressed with great vigour. 

As a result great improvements were made in hydro- 
phones. In the development of these devices micro- 
phones and magnetophones of exceedingly high sensi- 
tivity were realised, and after enormous labour, ways 
and means were devised for standardising their con- 
struction and their functioning. Hydrophones were 
constructed and put into service which were suitable for 
use in water of moderate depth, and other types were 
made which could be used in water of great depth. 
In one particular type of instrument modifications and 
attachments were introduced which enabled one to detect 
with it the direction of bearing of a source of sound with 
a fair degree of accuracy. 

But probably the method of determining the direction 
of a source of sound waves in water which has proved 
to be the best is founded on the fact that the sound wave 
is in the same phase at all points of its wavefront. Thus, 
if there were two hydrophones, in themselves non- 
directional, placed in the path of the incoming sound, 
they can be used for finding the direction of the origin 
of the sound if the phase difference between the sounds 
received can be detected. There are two ways of doin 
this: the “‘binaural’’ method and the “sum an 
difference” method. The binaural method depends on 
the fact that if the sound from one receiver is conveyed 
to one ear and that from the second to the other ear, the 
impression is formed that the sound comes from a certain 
direction, and this direction, as interpreted by the 
sensations experienced, changes as the phase difference 
is altered. It can be brought to a certain position with 
respect to the listener (say, to the ition directly in 
front) either by rotating the two receivers about an axis, 
or by introducing an artificial delay in some form of 
**compensator.”” This binaural method, which has great 
interest from a peer ge and physiological point of 
view, has been the subject of much work on the part of 
both British and American scientists, and in the anti- 
submarine campaign it was found to be of very con- 
siderable service. 

In the “‘sum and difference ” thod the impul 
from the two receivers are united before reaching the 
ear, the combined effect observed being a maximum 
when there is no phase difference between the waves 
and a minimum when the phases are in opposition. 

The French Navy has develo a hydrophone or 
listening device known as the Walser gear, which it has 
found very efficient. In this device two sets of a number 
of sound-receiving plates or studs mounted on two 
areas which are convex to the sea, one on each side of 
the keel, on the underside of the hunting ship’shull. By 
this gear the sound impulses which they receive are not 
transmitted by tubes, but are given freely to the air 
inside the ship. These sound impulses are concentrated 
in a focus whose position in space depends on the direction 
from which the sound comes. The position of the sound 
focus is determined by means of a funnel or trumpet, 
from +“ contracted . of —. a flexible tube leads 
to the listener’s ear. © great advantage possessed b 
the Walser gear is that it enables one to distinguish by 
differences in the positions of the sound foci between 
sounds coming from a distant source and those generated 
in the water which have no specific directional feature 
characterising them. The gear can therefore be used 
by chasing “_ = when moving with fair speeds. 

With most hydrophones and many listening devices, 
ship’s noises and water noises generally seriously inter- 
fered with their effective use, and in practice the chasing 
ship is compelled to stop at intervals and listen when 
not under way. This means that in many cases the 
quarry is lost. 

This defect was overcome in a measure by towing a 
directional hydrophone encased in an artificial “ fish ”’ 
behind a chasing ship. By adopting stream-line forma- 
tion for the towed body and suitably supporting the 
hydrophone, water noises are fairly well eliminated. 

oreover, as the “‘ fish’ can be towed at a considerable 
distance behind the chasing vessel, many of the sounds 
emitted by the latter do not reach it, and others which do 
arrive are received with weakened intensity. 

It is needless to say that the development of sensitive 
listening devices received a great impetus by the use of 
thermionic amplifying valves. 

Although an enormous expenditure has been made in 
time and effort to perfect the hydrophone and other 
listening devices, it is realised that such instruments 
possess an inherent defect. If the submarine can be 
made noiseless in motion, this method of countering it 
becomes ineffective. Even now the range of hearing is 
not more than 100 yards in the case of modern submarines 
moving at 2 knots or 3 knots. 

(b) Echo Methods.—Owing to the fact that it was 





found ible under certain conditions to render the 
propulsion of submarines practically silent, it became 
n to look in other directions for fundamental 


methods of detecting them. A system of detection which 
is full of promise involves the use of a beam of sound 
waves sent out by a chasing ship in a manner analogous 
to the use of a searchlight. With such beams of sound 
waves it is possible to sweep the seas, and when an object 
of sound such as a submarine happens to come within 
the beam, the sound waves are reflected and echo effects 
are obtainable. The character of the beam is, of course, 
determined in large measure by the frequency of the 
waves constituting it. The method has been employed 
with great success, and promises to be a very helpful 
agent. It can be used by chasing ships travelling at all 
speeds, and when applied with certain restrictions and 
definite characteristics it enables one to pick up and 
close on a submarine situated more than a mile away. 
The method, it is obvious, is applicable to the locatin 
of minefields and other obstacles to navigation as wel 
as to submarine chasing. 

(c) Magnetic and Electro- Magnetic Detection.— Magnetic 


detectors usually oo the movable system to be 
poised or pivoted. They can therefore be used as yet 
with only a moderate degree of satisfaction in towed 
bodies or in vessels subjected to violent mechanical 
disturbances. The range at which magnetic effects can 
be detected is moreover comparatively short. As a 
result of these defects the use of magnetic detection 
is somewhat circumscribed. Such instruments can, 
however, be used under certain conditions, and in 
particular sea areas with great effect. In the war very 
considerable results were actually obtained by their 
use. 
The range at which electro-magnetic detection can be 
applied is greater than is possible with magnetic detection, 
but the method is, however, essentially a short-range 
one, and in many of the forms in which it has been 
worked out it cannot be used with success at distances 
greater than about 300 yards or in depths greater than 
about 100 fathoms. 

(d) Leader Gear.—An important application of an 

electro-magnetic effect which was develo during the 
war is found in what is known as Leader gear. This 
gear consists of a cable laid on the bottom of the sea along 
the course of a narrow tortuous channel leading into a 
harbour or through a minefield. If an alternating electric 
current be through such a cable it is possible 
by means of delicate devices installed on a ship to obtain 
either aural or visual indications of the presence of such 
a cable, and by these indications the ship can be guided 
in safety in fog or darkness at speeds as high as 20 knots 
almost with as much precision as a tram-car by a trolley 
wire over a railway. Experiment has shown that it is 
a simple matter to apply this method in water of suitable 
depth for distances as great as 50 miles or longer. 
(e) Invisible Signalling.—Research has shown that it 
is ible under certain conditions to utilise polarised 
light or ultraviolet and infra-red radiations for secret 
signalling. With the last-mentioned type of radiation 
especially valuable results are obtainable over con- 
siderable distances, even in the presence of light fogs. 
Where it is not advisable to use wireless communication 
— chasing ships, infra-red signalling is of special 
value. 

(f) Wireless Telegraphy and Telephony.—One of the 
most remarkable developments which have taken place 
in the war is in the field of wireless telegraphy and 
telephony. By the use of oscillating thermionic valves 
especially great progress has been made. It is now 
possible to hold conversation with ease between a land 
station or a ship and an airship or seaplane over con- 
siderable distances, and by this means observers on 
aeroplanes or aircraft can also converse with one another. 
With high-power installations it has been demonstrated 
that wireless telephonic communication can be main- 
tained on the sea over hundreds of miles. 

On the directional side of ‘‘ wireless’ great advances 
have also been made. If an aeroplane, an airship, or 
surface ship should send out continuously for a short 
interval a series of ether waves, these waves can be 

icked up over long distances by devices installed in a 
eed station, the direction of the source of these ether 
waves can be ascertained, and in a minute or two the 
land station can give the observer of the emitting source 
his bearing within two degrees relative to the land 
station. With two land stations it is possible to obtain 
cross bearings, and the latitude and longitude of the 
sending air or surface ship can be determined with a 
high degree of accuracy. 

ith directional devices installed on ships it will be 
possible for two ships whose positions are known to 
communicate its true position to a ship enveloped in a 
fog and situated several hundreds of miles away. It is 
obvious, therefore, from the few illustrations which have 
been given that directional wireless will find a wide field 
of ulness in the future in connection with the subject 
of navigation. 

(g) Explosion Pressures.—In the early days of the 
anti-submarine campaign, a method of destroying 
submarines whose approximate location was known, was 
by the employment of depth charges. To use this 
means it was Sy pe | first of all to know the neighbour- 
hood in which the submarine was located, and then the 
chasing ship would rush to the spot and drop or throw 
to some distance charges of explosive which detonated 
when they reached a definite distance below the surface 
of the water. The necessity of knowing the destructive 
zone of any given type of depth charge soon became 
evident, i.e., to dctermine the radius from the exploding 
charge, within which a submarine would be successfully 
destroyed. The same information was important in the 
laying out and use of minefields. Investigations were 
undertaken to determine what pressures were generated 
by charges of different sizes and types at various distances 
from the place of detonation. The nature of the pressure 
wave was particularly important, for upon it depends 
the “killing power” of the charge. The laws which 
govern the alteration in form and power of waves 
generated by these explosions had to be determined 
in order to employ depth charges and mines in the most 
effectual and economical manner. The accurate deter- 
mination of the velocity of propagation of the —— 
waves generated was also of importance in distributing 
the charges, for if waves from two different sources 
arrive at the object in different phases, the effective 
crushing power may be considerably altered. When 
we know what the effect of different charges at various 
distances is—what type of pressure wave, whether & 
sudden intense blow lasting a few ten-thousandths of a 
second, or a sustained pressure during some thousandths 
of a second, or a series of less intense shocks, has the 
greater effect in destroying the submarine when under 
water—then we shall know how best to lay out our mine- 
fields, and what size and type of charges are the best 





and most economical to utilise under the various 
situations which may arise. 
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A most elaborate investigation of the characteristics 
of explosion pressure waves has been carried out for the 
Admiralty by Mr. H. W. Hilliar. By this method the 
pressure is allowed to act on one end of a steel piston, 
and measurements are made of the velocity of the piston 
as it passes a series of points at known distances from its 
starting point. From these measurements it is only a 
mathematical operation to extract the acceleration of the 
piston at different times from the moment when it began 
to move ; in other words, the time history of the pressure 
acting on the piston. It is not actually feasible to 
measure the velocity of a single piston at different s 
of its travel, but you get the same information if you let 
the pressure act on a series of pistons and measure their 
velocity after they have travelled different distances. 
The velocity is found from the extent of crushing of a 
copper plug which the piston strikes when it comes to the 
end of its travel. 

As an illustration of results obtained by the method 
it may be stated that with the measuring gauges at a 
distance of 50 ft. from a 300-lb. detonating charge of 
amatol placed about 50 ft. below the surface, the corre- 
sponding time-pressure curve showed that the maximum 

ressure, 0-80 ton per square inch, was reached almost 
instantaneously ; that the pressure fell to one-quarter of 
its maximum value in 1/1,000 of a second, and practically 
faded away after 5/1,000 of a second. In the course of 
the investigation it was shown that the pressure waves 
are reflected from the water surface as waves of tension. 
The effect at any given point in the neighbourhood of 
the explosion is therefore due to the supe ition of a 
direct pressure wave from the charge and a reflected 
tension wave from the surface: both travel with the 
velocity of sound (4,900 ft. per second) and the tension 
wave follows the pressure wave after an interval deter- 
mined simply by the difference in the length of the 
direct and reflected paths from the charge to the point 
in question. . 

It has been found that the pressure from a large charge 
is more intense and more sustained than that from a 
small one, the two being connected by the following rule. 
If one charge has twice the linear dimensions of another 
(eight times the ag the maximum pressure at a given 
distance from the larger charge will be the same as at 
half the distance from the small charge and will be twice 
as sustained, i.e., will take twice as long in falling to any 
given fraction of the maximum. 

When explosions of gunpowder, for example, were 
investigated, it was found that the pressure rose much 
more gradually than when charges of amatol or T.N.T. 
were used. ith this explosive very low maximum 
pressures were obtained and the corresponding pressure 
waves were considerably prolonged. 

Another method of investigating such pressures, which 
was suggested by Sir J. J. Thomson and applied by 
Mr. D. A. Keys, consists in the employment of the 
phenomenon long known to scientists, namely, that 
certain crystals become charged with electricity when 
subjected to pressure. The amount of the charge 
produced is proportional to the pressure applied to the 
crystals, so by having a suitable ment for 
measuring this charge and its variation with time, a 
complete record of the variation of pressure with time is 
obtained by placing the crystal detector at any given 
distance from the exploding charge. Since the duration 
of the wave in passing over the crystal or engulfing a 
submarine is only a few thousands of a second and the 
pressure generated may be of the order of half a ton 
or more per square inch, one can readily imagine the 
difficult nature of the problem in hand. But by making 
use of the inertia of a beam of cathode ray particles 
and employing the fact that they carry negative charges 
and are deflected by electrostatic and magnetic fields, 
it has been possible to obtain records of the variation of 
such pressures with the time. The electrons affect a 
photographic plate, ¢.e., they leave an impression on the 
plate where they strikeit. This additional fact has made 
it possible to determine the change in pressure of the 
wave from the instant the charge is fired and at as small 
intervals as we please afterwards. Changes which take 
place in 1/100,000 of a second have been recorded by 
this means. Already the method has revealed a number 
of facts about the nature of the pressure wave produced 
by exploding charges and the importance of such resulte 
in the laying out of minefields and the employment of 
depth charges can hardly be over-estimated. 

(h) Sound Ranging.— the course of our investi- 
gations of the characteristics of pressure waves generated 
by the explosion of charges in the sea, it was found that 
when a hydrophone was used to pick up the waves 
&@ good record could be obtained by the explosion of 
@ number 9 detonator at least 2 miles away. The 
explosions due to charges of 2 lb. of T.N.T. have been 
recorded at 14 miles, and might have been recorded at far 
greater distances judging from the strength of the signals 
received. The explosions of 300 lb. depth ch ave 
been recorded up to 200 miles, and it is- probable that 
with charges of moderate amount explosions “| 
as far away as 500 miles can be readily recorded. 
on these results a system of sound ranging under water 
was developed. Four hydrophones were laid out 5 miles 
apart along a base line in deep water a mile or two from 
the shore, and in addition two pilot hydrophones were 
placed along a line at right angle to the Lose ine, the one 
5 miles out and the other at twice that distance. Cables 
were laid from the hydrophones to a recording instrument 
situated in a shore station. Four of these stations were 
installed at different places along the east coast of the 
British Isles, and other stations are now in progress of 
installation. With such sound-ranging systems the 
shock of distant explosions occurring under water affect 
the various hydrophones in turn, and as time intervals 
can be read to two or three thousandths of a second 
with the apparatus now in use, it is possible to measure 
with accuracy tha ‘time intervals between the times of 


arrival of a sound wave at the different hydrophones. 


With the measurements of these time intervals it is a 
simple tter to ded the position of the point at 
which the explosion setting up the wave is located. Up 
to 50 miles the location of an explosion under water 
can be determined to within a few hundred yards by a 
single station, but for accuracy the co-operation of two 
stations would be n to locate explosions at 
greater distances. Within operable ranges a ship can 
be given its position by sound ranging more accurately 
than by directional wireless or by any other known 
method. Explosions of mines or to oes at any point 
in the North can easily be located by stations situated 
in Great Britain. In the war, during the bombardment 
of pen oe coast it was a common thing for a monitor 
to p in a fog to a position some miles from the 
coast and by dropping depth charges have its position 
accurately determined from stations on the coast of 
England. So accurately was this done that it was found 
when the monitor’s guns were trained in selected direc- 
tions objectives several miles inland could be hit with 
regularity and with a minimum expenditure of 
ammunition. 

(t) Helium.—Shortly after the commencement of the 
war it became evident that if helium were available in 
sufficient quantities to replace hydrogen in naval and 
military — the loss in life and equipment arising 
from the use of hydrogen would be enormously lessened. 
Helium is most suitable as a filling for airship envelopes 
in that it is non-inflammable and non-explosive, and, 
if desired, the engines may be placed within the envelope. 
By its use it is possible to secure additional buoyancy 
by heating the gas (electrically or otherwise), and this 
fact might possibly lead to considerable modifications 
in the technique of airship manoeuvres and navigation. 
The loss of gas from diffusion through its envelope is less 
with helium than with hydrogen, but on the other hand 
the lifting power of helium is about 10 per cent. less than 
that of hydrogen. 

Proposals had been frequently put forward by scientists 
in the British Empire and in enemy countries regarding 
the development of supplies of helium for airship purposes, 
but the first attempt to give practical effect to these 
proposals was initiated by Sir Richard Threlfall, who 
received strong support from the Admiralty through the 
Board of Invention and Research. 

It was known that supplies of natural gas containing 
helium, in varying amounts, existed in America, and it 
became evident from the preliminary investigations made 
by Sir Richard Threlfall and from calculations submitted 
by him as to the cost of production, yy em, &e., 
that there was substantial ground for ieving that 
helium could be obtained in large quantities at a cost 
which would not be prohibitive. 

The writer was invited by the Board of Invention and 
Research in 1915 to determine the helium content of 
the supplies of natural gas within the Empire, to 
out a series of experiments on a comh-cominasdlal eoale 
with the helium supplies available, and also to work out 
all technical details in connection with the -scale 
production of helium and the large-scale purification of 
such supplies as might be delivered, and become con- 
taminated with air in service. 

In the course of these investigations which were carried 
out, with the co-operation of L’Air Liquide Company, it 
was found that large a of helium were available 
in Canada, which could produced at a cost of about 
ls. per cubic foot. 

In the spring of 1917, when the United States of 
America had decided to enter the war on the side of the 
Allies, and after the investigations referred to above 
were well under way, pro were made to the Navy 
and Air Board and to the National Research Council of 
the United States of America to co-operate by developing 
the supplies of helium available in the United States. 
The authorities cited agreed to co-operate with vigour 
in supporting these proposals, and large orders were at 
once placed by them with the Air uction Company 
and the Linde Company for plant, equipment, cylinders, 
&c. The Bureau of Mines co-operated by taking 
steps to develop a new type of rectifying and purifying 
machine. By July, 1918, the production of helium in 
moderate quantities was accomplished, and from that 
time forward the possibility of securing large supplies 
of helium was assured. 

Concurrently all practical details of the construction 
of helium-borne airships and of the navigation of this 
type of craft were develo by the Airship Production 
Section of the Navy. t the same time, under the 
direction of the writer, Fg were prepared and steps 
were taken to erect and equip a station for purifying 
the helium which might become contaminated in service. 

Experimental investigations were also initiated with 
the object of | = possible technical and 
scientific uses of helium. particular, balance, spectro- 
scopic and electrical methods of testing the purity of the 

as were worked out, studies on the permeability of 
Balloon fabrics to hydrogen and helium were com- 
menced, and experiments were begun to exploit the use 
of helium in gas-filled incandescent lamps; gas-filled 
arc lamps, and in thermionic amplifying valves. The 
equipment provided for the purification of contaminated 
helium in large quantities supplied the major portion 
of the apparatus required to liquefy helium, and arrange- 
ments were therefore made to produce this gas in a liquid 
form for the purpose of carrying out low-temperature 
researches. 

The advances aye | 
was signed warrants the opinion that by the present 
time, had the work projected been completed, supplies 
of helium at the rate of 2,000,000 cub. ft. a month would 
have been produced within the Empire and the United 
States at a low cost, helium-filled aircraft would have 








been in service, and great progress would have been 


made at the time the armistice | on) 


hni 1 and ; tific 


made in exploiting the t 
Balore th posal filling 

ore the war a pro to utilise helium as a filli 
for airships would have been viewed, even by most 
scientists, as impossible, but thanks to the en i 
enthusiasm and initiative of the Navy, bac by 
imagination, a suggestion—at one time considered to be 
chimerical—has to-day become a realisation. 

DEFENSIVE MEASURES. 

From time to time publicity has been given to the steps 
taken by the British Navy in co-operation with the Navy 
of the United States of America to close to the 
of submarines such sea areas as the northern portion of 
the North Sea and the Straits of Dover. 

At the time of the signing of the armistice, this 
stupendous task was well advanced. The material used 
consisted largely of ordinary contact mines, which were 
used in vast numbers and at the expenditure of enormous 
labour and capital. 

It can be stated now, however, that concurrently with 
the installation of this system of defence, other 
of dealing with these and similar areas were worked ou 
which involved the use of more subtle mechanisms in 
quantities which were vastly lier in t 

To-day it is scientifically possible and practicable with 
@ comparatively small amount of material to close ' 
effectively to the passage of submarines by either auto- 
matic mechanisms or by controlled ones such sea areas 
as the Bristol Channel, the water stretch between the Mull 
of Cantyre and the north coast of Ireland, the Straits 
of Dover, the sea area between Belgium and Denmark, 
the Cattegat and Skager Rack, and the ter portion 
of the North Sea between the Orkneys and Norway. 

This will serve to show, in a measure, the part 
—~ has been able to yh — _ oe Had the 

owledge we now possess n available at the opening 
of the war, we should have been s much incon. 
venience, suffering and anxiety, for the submarine 
menace, at one time threatening and uncomfortably 
dangerous, would never have been able to materialise. 


> uses of 








APPLICATIONS OF SCIENCE UNDER Prace ConprTions. 

Under peace conditions many important technical 
systems and devices brought forward during the war will 
find i diate application as aids to navigation. 

By means of directional wireless systems, ships or 
aircraft in the English Channel, the North Sea, or in the 
eastern and western portions of the North Atlantic, can 
be given their positions when prevented from getting it 
by the existence of fogs or unfavourable wea % ~ 
means of sound ranging it is possible to fix the positions 
of light vessels, buoys which indicate channels and 
obstructions, such as sunken ships. Ships steaming in 
fog up the Channel or approaching the shores of Nova 
Scotia, Newfoundland or Labrador, can be given their 
positions with accuracy for ranges up to as much as 
500 miles. Seaplanes and aircraft in distress in the 
neighbourhood of the British Isles or near the coasta of 
America can call for help and be located when wireless 
gear becomes inoperable by simply dropping depth 
charges. 

In hydrographic work po sound ranging will be 
of the greatest service for surveys can be made and 
investigations of sea beds carried out in fogs as well as in 
fair weather without the delays which have been ex- 

rienced in the past. The positions of the localities 

ing investigated can always be determined in a few 
minutes when once a sound-ranging station has been 
established on some shore within reach. 

By Leader gear laid in such areas as the River St. 
Lawrence, the entrance to the Thames or to Halifax 
Harbour, the Straits of Dover, &c., in and out lanes of 
traffic can be organised which can be maintained with 
ease in f The Echo methods to which reference has 





been made can be used for founding, for locating ice- 
a surface vessels and rock-bound coasts in a fog as 
well as for locating submarines. 


Helium which was originally produced as a filling for 
airships can be utilised for the production of illuminating 
agents and for providing a means of investigating the 
fundamental gage of matter at the lowest tempera- 
tures attainable by man. Develo te in internal. 
busti gines, in electric drive, and in the fuel 
values of new materials which were to be corporated in the 
Navy, will be of enormous value to the mercantile marine 
in the future. 

Advances made in wireless telegraphy and tel y 
and in secret signalling by specific types of radiation for 
war purposes, will also prove of great service under 
peace conditions 7 providing us with novel, efficient, 
and less costly methods of communication. 





Proposed ScrentTiFic EsTABLISHMENTS FOR THE FUTURE. 


With a view to developing and extending the scientific 
results which were obtained under stress of war, the 
Admiralty has recently put forward proposals for the 
permanent etablishment of a Department of Research 
and Experiment within the Navy. 

Plans have been formulated for the erection of a 
Centrals Research Institution for the investigation of first 
principles and for ees researches of a fundamental 
and pioneer character. Steps have already been taken 
to organise a sea experimental station and to provide 
buildings and equipment for an engineerng laboratory, 
a wireless and signal school, and a torpedo and mining 
school in place of the “‘ Vernon.” It is believed that these 
institutions will prove of great value in developing not 
y means of increasing the efficiency of the Navy, 
but in providing aids to navigation for our mercan’ 
The initial diture for buildings and equipment 

ini expenditure for 
will he leame, but it seems evident that an financial 
return will in a short time be obtained for the nation from 





profits accruing from a lowering of the rates of insurance 
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and from a reduction in the cost of transportation. If we 
could by the use of such aids to navigation as have been 
referred to above prevent two or three wrecks 


c per year, 
or lower the time of passage between Great Britain and 
Canada on the average by one day per voyage per ship 


through the fog-covered areas in the neighbourhood of 
Newfoundland, sufficient funds would be saved in a year 
or two to cover the whole cost of the expenditure on 
scientific and experimental establishments and on the 
prosecution of the researches and investigations fore- 
shadowed. 





THE LIMITS OF THERMAL EFFICIENCY 
IN DIESEL AND OTHER INTERNAL COM- 
BUSTION ENGINES.* 


By Sir Dugatp Creek, K.B.E., D.Sc., F.R.S., 
M.Inst.C.E. 


(Continued from page 79.) 

In the year 1903 a Committee of the Institution of Civil 
Engineers was formed to report on the standards of 
efficiency of internal combustion engines, and that com- 
mittee conducted an investigation at the works of the 
National Gas Engine Company, Limited, upon three 
gas engines having cylinders respectively 5} in., 9 in., 
and 14 in. diameter, the brake power ing from that 
of the small engine giving 5 horse to the large engine 
giving over 50 horse. All three engines were adjusted 
to have the same com ion ratio. Its value was 5-5. 

One of the objects of the work of the committee was to 


By 

















Apparent Specific Heats (Instantaneous) in Foot-pounds 
per Cubic Foot of Working Fluid at 0 deg. C. and 

















760 mm. (Clerk). 
Specific Heat Specific Heat 
Temperature. | at Constant | Temperature. | at Constant 
‘olume. Volume. 
>. 
. C. ft.-Ib. . C. ft.-Ib. 
“ 19-6 65 26-2 
100 20-9 900 26-6 
200 22-0 1,000 26-8 
300 23-0 1,100 27-0 
400 23-9 1,200 27-2 
500 24-8 1,300 27-3 
600 25-2 1,400 27-35 
700 25-7 1,500 27-45 
Mean'A Specific Heats in Foot-pounds per Cubic 
Foot of Working Fluid at 0 deg. C. and 760 mm. 
(Clerk) 
0-100 20-3 0-900 23-9 
0-200 20-9 0-1,000 24-1 
0-300 21-4 0-1,100 24-4 
0-400 21-9 0-1,200 24-6 
0-500 22-4 0-1,300 24-8 
0-600 22-8 0-1,400 25-0 
0-700 =o 0-1,500 25-2 








Having made these determinations it was possible to 
calculate a diagram similar to the air standard diagram 








Fie. 7. CLERK DIAGRAM FOR DETERMINATION OF APPARENT SpEciFIC HxEar. 


discover the relationship between the efficiencies calcu- 
lated by the air cycle and those actually obtained in the 
working engine. 

In the early part of 1907 a papert was read by me to 
the Institution of Civil Engineers, on the limits of thermal 
efficiency of internal combustion motors in which the 
work of the committee and further work of my own were 
fully discussed. 

In the three engines referred to it was found that the 
actual indicated power obtained was respectively 0-61, 
0-65 and 0-69 of the efficiency value calculated from 
the air standard. In the small engine obviously the heat 
losses to the cylinder were ter than in the inter- 
mediate and large engine, but the variation between 0-61 
and 0-69 was unexpectedly small comparing the respec- 
tive indicated powers of 6 and 60. Further observa- 
tions showed that in engines of 14 in. cylinder and above, 
working under best experimental conditions, the indi- 
cated power which could be obtained was 0-7 of that 

iven by the air standard. It was proved that in a 

4 in. cylinder gas engine, 35 per cent. of the heat given 
the engine was transformed into indicated work. As 
this is only 70 per cent. of what would have been ove 
by an ideal air engine following the same heat cycle, it 
followed that if the working fluid really had the same 
properties as air, there was a margin of 30 per cent. for 
possible improvement, that is, if all heat losses were 
suppressed the efficiency would rise to 0-50 instead of 
the figure actually obtained, 0-35. 

In order to determine the true margin remainin 
improvement it was necessary to know the specific heat 
of the actual working fluid. This had been determined 
by several methods, but I was not satisfied with the 
results of experiments of the »arlier investigators. I 
desired particularly to investigate the heat loss within 
the engine cylinder during the working stroke, and IL 
desired to determine also the specific heat of the flame 
within the cylinder during the actual operation of the 
engine. By means of a new type of indicator diagram 
shown in Fig. 7,3 I was able to determine both heat loss 
and specific heat of flame. From these experiments I 
calculated the mean apparent specific heat in foot lbs. 
= cubic foot of working fluid at 0 deg. C. and 760 mm. 

he results of this determination are given in the table 
herewith :— 


for 





ad read before the North-East Coast Institution 
of E eers and Shipbuilders, 1919. 
+ ‘The Limits of Thermal Efficiency in Internal- 


combustion Motors,” By Dugald Clerk. Proc. Inst. C.E., 
vol. clxix, session 1906-1907. Part iii. 


¢ See Appendix B for explanation of this method. 





using, however, the true and varying specific heat of the 
actual working fluid operating within the cylinders. 

As the result of this work it was proved that in this 
particular 14 in. cylinder engine the indicated thermal 
efficiency was 0-88 of that which would have been 
obtained. with that particular working fluid had there 
been no heat losses, that is, in this particular engine 
the indicated power was 88 per cent. of what it could 
have been in that particular cycle of operations had all 
heat losses been successfully suppressed. The real 
margin for improvement was thus, not 30 per cent., but 
12 per cent. 

e following table shows the ideal efficiencies of the 
actual working fluid of this particular engine as com- 
to the air standard :— 


Thermal Efficiencies with the Real Working Fluid 
Compressed with the Air Standard Values. 


Suction Temp. = 0 deg. C. For Compression Line 1-37, 








1 Maximum Maximum 
= Temperature | Temperature | Air Standard. 
r 1,600 deg. C. | 1,000 deg. C. 

: 0-195 0-200 0-246 

z 0-286 0-293 0-360 

i 0-354 0-356 0-430 

; 0-384 0-394 0-480 

: wad? iss 0-439 0-443 0-550 














In this case the thermal efficiency varies with the 
maximum temperature because of the increase of specific 
heat of the working fluid as the temperature rises. For 
@ maximum temperature of 1,600 deg. C. the real ideal 
efficiency is about 20 per cent. less t that shown in 

Ea cagins wth chatios tohp qooe (o-thed walt 

engine with siiilar trip to that or this 
investigation was adopted to determine the effect of 
turbulence on the rate of ignition. This is important 
in the working of all in combustion engines, and it 
is dealt with in Appendix C. 

We are now in a position to consider Mr. Hall Brown's 
remarks as to special breach of the laws of thermo- 
dynamics by slow running gas engines. This particular 
14 in. engine tested ran at 260 r.p.m. I suppose Mr. 
Hall Brown would admit that the steam turbines 








are machines of high thermodynamic efficiency. In 
comparing all steam engines to determine the limit of 
improvement still open, steam engineers use the well- 
known Rankine cycle. It is a cycle of operations closely 
following the actual operations of a steam engine assum- 
ing, however, that the whole operations can be performed 
without heat loss. 

I understand from Sir Charles Parsons that the relative 
efficiency of the Chicago turbine giving 40,000 h.p. 
upon one shaft is 76 per cent., that is, this turbine gives 
76 per cent. of the work which would be given by a 
Rankine cycle engine using the same temperature and 
v A ding to this, even the very highly 
efficient large turbine has a margin of 24 per cent. 
improvement if all heat losses could be avoided. It is 
rather remarkable that a smell 60 h.p. internal com- 
bustion engine shotld so nearly attain perfection of 
action as regards heat loss and other matters, that only 
12 per cent. remains between theoretical perfection and 

ractical work. It is difficult to see how the thermo- 
Syacmies of that particular type of engine can be 
improved. 

. Hall Brown falls into error from a very usual 
belief among some engineers as to the enormous heat loss 
made in the cylinder, especially of a slow running gas 
engine. The actual heat losses are much smaller than 





erally supposed. 

Sellensing mean balance sheet of three separate 
indicator cards taken by this method for determining 
heat loss and specific heat shows quite clearly that the 
heat flow during explosion and expansion is relatively 
low. The balance sheet is as follows :— 


. 8. 





iy 


65935.) Volumes 
Fie. 8. Dracram or AIR ENGINE. CONSTANT 
1 1 
VotumE Type. Compression Ratio — = 10 
rT 
Mean Balance Sheet. 
Cards Nos. 22, 23 and 24, 
Per cent. 
Heat flow during explosion and ex- 
ion ... ot eed awe vos: BBS 
Heat contained in gases at end of 
expansion ost 49-3 
Indicated work 34-6 
100-0 


As here shown, the larger part of the heat loss is that 
discharged in the exhaust gases from the cylinder of the 
engine. 

From the values it is evident that no great improve- 
ment in thermal efficiency would be obtained were the 
whole 16 per cent. heat loss of explosion and expansion 
entirely suppressed. Then 16 per cent. at 0-37 indi- 
cated efficiency would only give an addition of 5-9 per 
cent., that is the 37 per cent. would be raised at most 
to 43 per cent. This total suppression of heat loss is 
obviously impossible; but considerable improvement 
may be obtained by raising the compression ratio to 10. 
Here the air standard efficiency becomes 0-6, and 
assuming similar heat losses 0-6 x 0-7 = 0-42, that is 
42 cent. indicated thermal efficiency is practicable 
without reducing the heat loss to the piston and enclos- 
ing metal walls. In a multiple cylinder engine the 
mechanical efficiency may be taken as 90 per cent. s0 
that the greatest probable brake efficiency would be 
43 x 0-9 = 38-7 per cent. 

From the results of prolonged experience of internal 
combustion engines during many years it may be taken 
that for explosion gas engines of the four and two 
stroke types the extreme practicable compression ratio 





- is h and the maximum probable brake thermal 


efficiency is 39 per cent. 
At this value the engine will give in power about 88 per 
cent. of the maximum possible assuming all explosion and 
ion heat losses to be avoided. 
indicator diagram of the air standard engine under 
these conditions is shown at Fig. 8. It will be seen 


that the pressure of com ion is high, 369 Ib. per- 
square inch absolute end the maximum or explosion 
pressure 997 lb. per square inch absolute. 


The terminal 
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pressure of exhaust is low, under 40 lb. absolute. A 
small addition to the work area might be made by 
discharging the gases through an expanding jet and 
actuating an impulse gas turbine, but not more than 
5 per cent. addition to the brake power could be obtained 
in this way. At the extreme the brake efficiency might 
be so raised by 2 per cent., it might become 41 per cent. 
instead of 39 per cent. 

Compounding in cylinders has been attempted man 
times, but the increased heat loss of transfer from hig 
pressure to low-pressure cylinder has rendered the gain 
in efficiency too small to be worth the additional weight 
and complication of the ine. 

There ay to be only one method open to further 
increase of heat economy in a practical way, and that is 
by using regeneration of heat in some form. The utilisa- 
tion of the waste heat of the water jacket and the heat 
of the exhaust gases to raise steam has become con- 
siderable. About 2-5 lb. of steam per brake horse-power 
have been obtained from the exhaust gas heat of large gas 
engines. Many installations of this kind have been at 
work for about fifteen years back. The steam generated 
has not been used for producing — pas but for 
a heating operations in chemical factories. If 
in such large ins 
high ee Parsons steam turbine requiring 10 Ib. 
of steam per brake horse-power, then 25 per cent. could 
have been added by steam expansion to the brake power 
obtained by internal combustion. 

In an engine giving 39 per cent. brake thermal efficiency 
there remains 61 per cent. of the original heat of the 
engine part of which could be used to raise steam. Of 
these 61 heat units, 4 are partly lost by engine friction 
and about 10 by radiation, so that the heat remaining 
for use is 61 — 14 = 57, that is 57 per cent. of the 
original heat. In a boiler of 80 per cent. efficiency this 
would enable 45-6 per cent. of the original heat of the 
gas to be delivered to asteamengine. Used in a Parsons’ 
steam turbine of 18 per cent. thermal efficiency, brake 
power to steam heat, would give an addition of 
57 x 0°18 = 10-2, that is, with the brake efficiency 
of one regenerative gas and steam engine would rise 
from 39 per cent. to slightly over 49 per cent. It may 
be taken then that high compression engines in | 
units with steam turbine addition might raise the teas 
efficiency to 49 per cent. 

No such efficiencies have yet been obtained, although 
many attempts have been made to utilise waste heat 
in this way. As early as 1850 Du Trembley, a French 
engineer, attempted to increase the economy of a marine 
steam engine by using the waste heat from the steam 
cylinder exhaust to evaporate ether in a separate boiler 
and so get a further supply of vapour under pressure to 
actuate an additional piston in a cylinder. An account 
of this engine is given in Rankine’s* book on “ The 
Steam Engine.” 

An account of a combined internal-combustion and 
steam engine was given by me, written in 1885, in a 
book on “* The Gas Engine,” first published by Longman 
and Co. in 1886. There I state :-— 

“* Messrs. Simon, of Oy introduced a Brayton 
engine to a in a slightly altered form as a gas 
engine. In addition to the ordinary arrangement of the 
engine, they attempted to gain increased economy by 
causing the waste heat passing into the water jacket and 
the heat of the exhaust gases to be utilised in raising 


ations the steam had been used in a P 


per cent. The addition of steam in this case has not 
increased the net brake efficiency to as high a value as 
could have been obtained without steam addition by high 
compression as already discussed. Indeed, in Mr. Still's 
paper the highest Diesel brake efficiency as determined 
by Mathot is given as 36 per cent. From this it would 
appear that even Acland’s and Still’s experiments do not 
prove any material advan to have been obtained 
in the Still engine. There is considerable advan’ 


to be gained from steam regeneration as I have y 
— out, but it appears necessary to bring in the 
noes ag high efficiency separate turbine in order to 
obtain it. 


It only remains to discuss shortly the efficiencies of 
the Diesel and the petrol engines. 

Mr. Ricardo in his excellent paper, to which I have 
already referred, has fully discussed the conditions of 
petrol engine efficiency, and because of the low ignition 
temperature of petrol vapour and air he limits the 


practicable compression ratio tot with an air standard 
efficiency of 47-5 per cent. Multiplying by the factor 
0-7 which gives the actual results from air cycle to the 
ractical engine, we get 47-5 x 0-7 = 33-2 per cent. 
indicated thermal efficiency, and this in a multiple 
cylinder engine with a mechanical efficiency of 90 
cent. will give a brake thermal efficiency of nearly 29-9 
per cent. This, however, is rarely attained in petrol 
engines ; in such engines 25 per cent. may be considered 
a good working efficiency. 


Pig.9. WEIGHTS OF GAS ENGINES OF DIFFERENT DIMENSIONS 


Vertical National Tandem, SingleActing, Four-Crank—------ + 
Horizontal Single-Acting _..__. + 
NarembergHorizontal Tandem, Double-Acting ..__——— - 
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It is of considerable importance to vam the Diesel 
heavy oil engine much more closely than has yet been 
attempted with the view of getting maximum brake 
efficiencies. There are many p' for which the 
Diesel is indis ble. The cost and scarcity of oil, 
however, will, in the end, limit its expansion compared 
with gas engines using anthracite or bituminous coal. 
Much greater attention should be paid to large gas 
producers using anthracite and steam coal in order to 
apply the more plentiful fuel coal to all high-power 
engines whether used on land or sea. The efficiency of 
these gas producers could be raised to about 95 per cent., 
and eo the high efficiency of the engine, gas heat to 
B.H.P., would be more full comin than at present 
when the efficiency is from to 85 per cent. 


APPENDIX A. 


On Variation oF EnGins WEIGHT wits INCREASING 
DIMeEnsIons. 


Extract from The Gas, Petrol and Oil Engine, 
by D. Clerk and G. A. Burls, Vol. IT. 


CoMPARISON OF THE DIFFERENT TyPEs oF Four-Cycrz 
ENGINES. 


It will be seen from the foregoing account of the 
development of these engines, that the smaller engines 
up to 250 B.H.P. are built preferably of the single- 
acting open-cylinder type as single horizontal cylinders, 
while for large engines the favourite type is the horizontal 
single-crank tandem double-acti ugine, in which the 
two cylinders between them give the crank two impulses 
r revolution. These tandem engines are built from 
2 in. to 52 in. cylinder diameter, giving from 400 B.H.P. 
to 3,000 B.H.P. to one crank. 
Vertical engines are also considerably used, especially 
in England, and for power up to 2,000 B.H.P. 
four-crank unit in the tandem single-acting type they 
eee re considerable advantages which make them 
ormidable competitors with the tandem horizontal 
doubl ting engi A certain number of single-acting 
tandem horizontal — have also won a position in 
the market, but on the whole, opinion tends to look 
at the others more favourably. 
A comparison of the weights per B.H.P. of different 
types of engines is useful, as showing the reasons for 
erring the multiple and double-acting cylinders for 
arge gas engines. But, first, it is to be remembered 
that in all engines the weight per unit of power developed 
increases with increasing dimensions. The following 
table shows the total weight and the weight per B.H.P. 
developed for various types of engines. The first part 
of the table gives particulars of National gas engines 
of the horizontal type, each engine having one cylinder 
of the open trunk single-acting type. e engines are 
those of the latest design as now built by the company. 
Particulars of the large single-cylinder Cockerill 
engine are also given, and also two examples of the 
favourite Continental horizontal tandem double-actin 
and lastly, two examples of the new Nation 














The greater the waste heat, the better the proportional 
improvement to be expected from the additional steam, 
so that considerable improvement could be so made in 





steam. They would undoubtedly have increased the 
economy of the engine in this manner had they not 


turned the steam so raised into the motor cylinder along | 


with the flame.” 

And further I say :— 

“With a suitable arrangement using steam in a 
separate cylinder, doubtless 6 per cent. might be added 
to the indicated efficiency of the engine, but it is very 
questionable whether the increased complexity does not 


entirely destroy any advantage gained. It certainly | 


does so in small engines, but when very large engines 
come to be constructed the complexity will not be so 
great, and it would be worth while to use the waste heat 
in steam raising.” 

The Simon engine was exhibited in operation at the 
Royal Agricultural Show in Bristol in 1878. 

_This same question of regeneration by steam was 
discussed by me in the new edition of my book “ The 
Gas, Petrol and Oil Engine,” published in 1913, the 
chapter being written by me in 1912. 

There I stated that the brake thermal efficiency of a 
combined gas and steam engine (steam turbine) would 
be about 43 per cent. 

Of late years Mr. Still and Captain Ackland have taken 
up this subject, and they have built a number of explosion 
and constant-pressure gas, petrol and heavy oil engines, 
from which very interesting results have been obtained. 
They have read an interesting paper upon the subject 
at the Royal Society of Arts, and the best result claimed 
by them was obtained with a two-stroke engine of the 
opposed piston type working on the constant pressure 
principle iesel modification, combustion s ween 
the pistons and steam on the other side of each piston. 
This engine gave a brake thermal efficiency (combined) 
of 41 percent. The engine cylinder was 13-5 in. diameter 
the combined stroke 22 in., and it comprised two pistons, 
two piston rods with packing glands, two cross! three 
connecting rods and three cranks. The pistons overrun 
exhaust and air or charge inlet in the same way as the old 
Oechelhauser gas engine and the later Junker modifica- 
tion. These engines operate on a modified Clerk two- 
stroke cycle. © work necessary to o the 
auxiliaries, air scavenging and supply, &c., is not allowed 
for in the efficiency re of 41 per cent., and it could 
not well require less than 10 per cent. of the brake 
power, that is 4 per cent. deduction. And 41 — 4 = 37 


Page 444, 12th 
Co. 





* Rankine, “‘The Steam Engine.” 
edition, published in 1888, Griffin and 


petrol engines. But at present, when, for aircraft, weight 
per B.H.P. is the controlling factor, the complications 
and additions could not be allowed. The objection also 
applies to motor-car engines, wherein it would not be 
advantageous in practice to increase complexity and 
weight by the addition of steam-generating ays 
Petrol engines need not be further considered from this 
point of view. Compression ratios, however, may be 
increased by adding cold exhaust gases to the mixture 
by super compression or without it, and by this, higher 
compressions and efficiencies are quite possible. 

We now pass to the Diesel type.* It has been con- 
sidered already to some extent. Undoubtedly, much 
further study and experiment are desirable. Little study 
has been given to the Diesel indicator diagram and less 
to the conditions of heat flow and exhaust loss. These 
should be very fully determined. Optical indicators 


efficiency of 39 per cent. It is probable that in the case 
of Diesel engines the conversion factor will prove to be 
higher than 0-7 as the conditions of heat-flow from fluid 
to cylinder are more favourable than in the explosion 
engine. Accordingly, it is to be expected that a combined 
high compression and regenerative steam cycle will 
give brake efficiencies approximating to 50 per cent, 
as in the case of the explosion engine. 

Mr. 8till’s combined brake efficiency of 41 per cent. 


‘Ss y. 
‘> ov a 
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(59951) Dita. of Cylinder in inches 


single-acting vertical engines. 

Some Particutars or Gas Enorives or Dirrerent 
Dimensions AND TyYPEs. 

Horizontal National Gas Engines, Single-cylinder, 

Single-acting, Four-cycle. 








Rated | Diameter | Stroke | Revolu-/| Piston | Wt.of| Wt. 
B.H.P. and bore tions speed jengine| per 
with coal} Stroke. ratio. |permin. | ft. tons. | rated 
Gas. min. B.H.P, 
ins. Ibs. 
57 13x20; 1-538 230 498 3-38 | 181-0 
68 14x21} 1-500 230 537 4-08 | 1384-5 
85 16x22) 1°375 210 560 5-82 | 153-5 
105 17x26; 1-530 190 539 9-08 | 193-5 
125 18-5x28/ 1-513 180 555 9-48 | 170-3 
150 20x31); 1-550 170 567 (13-20 | 197-7 
185 22x34| 1-645 160 587 |17-05 | 206-5 























Horizontal Cockerill Single Cylinder, Single-acting, 
Four-cycle. 





























should be used and zigzag diagrams should be taken to |" patog 
determine specific heat and heat loss in the cylinder.| » yp, | Diameter [Stroke| Revolu-| Piston |Wt.of| Wt. 

Diesel ahi is undoubtedly high, but by no | with biast = — — 8 oom =. 
means higher than can be obtained from constant volume | furnace. | **°** eh ee OH. 
or explosion gas engines when designed and built for gas. : ps 
high-explosion pressure. The great problem in all Diesel 
engines is that of the formation and projection of all ins. Ibe. 
spray; the spraying at present dominates the efficiency 800 614 x55 | 1-07 75 470 160 | 448 
values obtainable. 

The air standard efficiency shown on the Diesel type Horizontol Continental Tandem, Double-acting, 
of diagram, Fig. 5, is 0-56. Assuming heat losses similar Four-cycle. 
to those of the explosion gas engine, the indicated 
thermal efficiency to be expected in the working wane 800 28x4-| 1-21 180 736 85 | 238 
would be 0-56 x 0-7 = 39-2, and assuming as before 1,000 32x40 | 1°25 110 733 120 | 260 
a mechanical efficiency of 90 per cent. in a multiple 
cylinder engine the brake thermal efficiency would be| Vertical National Gas Engines, Tandem, Single-acting, 
39-2 x -9 = 35-3 per cent. With a compression ratio Four-cycle. 
of 15, however, which is quite practicable in a Diesel 
engine, the air standard efficiency would be 0-62 and 750 18x18 | 1-00 300 900 | 39-0 | 116-5 
the indicated efficiency using the factor 0-7 would be 1,250 26x24 | 1-00 200 800 | 88-5 | 149-0 
43-4 per cent. given at 90 cent. M.E. a brake thermal 























It will be observed that while the horizontal National 
gas ine of 57 B.H.P. with a 12-in. diameter cylinder 
ves i B.H.P. for 131 Ibs., the 185 B.H.P. requires 


The len h tal 448 Ib 
e i zontal engine i " 
weight for each B.H.P. The ng 


ble-acti: 

require respectively 238 1b. and 2691b. per B.H.P., 
the two National vertical single-acting tandem 
116-5 lb. and 149 Ib. per B.H.P., respectively. 








can undoubtedly be improved upon by the use of the 
steam turbine as the steam part of the combination, 





For each separate type there is an increase of weight 
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per B.H.P. with increasing power or cylinder dia- 
meter. 

This is more clearly shown at Fig. 9, page 131, where 
the weights per B.ELP. are plotted against cylinder dia- 
meter. 

In the open trunk single-acting horizontal engines the 
rate of increase or weight with increasing cylinder 
diameter appears to be linear. Six out of the seven 
National engines fall closely round a straight line drawn 
from the point indicating the weight of the large open 
trunk Cockerill engine. The one weight which is off 
the line is that of the 17 in. cylinder, in which the frame 
was purposely made heavy in order to save patterns 
by using it also for the next size of 18-5-in. cylinder. 
This line then shows that while a 9-in. cylinder would 
involve about 100 lb. per B.H.P., a 56-in. cylinder 
would require about 500 lb. per B.H.P. 

The vertical National engines show that a 9-in. cylinder 
would require less than 60 lb., and a 30-in. cylinder 
under 200 lb., per B.H.P.; a 30-in. cylinder of the open 
trunk type would require just under 280 lb. per B.H.P 


10. 





0 500 60 = =—62000 2500 3000 
(5995 A) Rated BH P. 


Fie. 10.—CompaRisoON OF WEIGHTS PER RATED 
B.H.P. or Durrerent Types or Gas ENGINE 
vor INcREASING PowERs. 


The weights for the Continental tandem double-acting 
engines come between the upper and lower lines. 

The following table gives the weights per B.H.P. of 
nine Continental engines of the horizontal tandem 
double-acting type, from which it will be seen that there 
is a fairly regular increase of weight per B.H.P. with 
increasing power. 


Weteuts or Lance ContrInentTAL Gas ENGINES OF THE 
TaNnDEM, DoUBLE-ACTING, FouR-CYCLE TYPE. 








Net hey =o - 
engine wit) 
Net Weight of | Weight of 
Brake H.P. atings ‘but weight engine flywheel 
flywheel. of flywheel. | per B.H.P. | per B.H.P. 
Tons. Tons. Lbs. Lbs. 
2,000 266-5 = 298-5 — 
1,500 162-3 34°5 242-5 51-3 
1,060 109-3 + 231-0 oo 
1,000 120-0 -- 269-0 a 
950 95-1 25-0 224-0 58°8 
800 85-0 oa 238-0 -- 
750 68-5 17-7 204-5 52-6 
700 81-7 15-7 261-0 50-2 
630 66-5 —- 237-0 = 

















Fig. 10 shows the —— of the engine per B.H.P. 
plotted against rated B.H.P. for the engines of which 
some particulars are given in the two tables. 

The horizontal single-acting engine has obviously 
the most rapid rate of increase when compared either 
with the tandem double-acting or the vertical tandem 
single-acting. 

n line A a weight of 390 Ib. per B.H.P. only gives an 
engine of about 470 B.H.P., while on B a power of 2,050 
BLP. is obtained for the same weight ; this same power 
of 2,050 B.H.P., however, can be obtained on line C by 
a weight of 200 lb. per B.H.P. 

The diagram very clearly shows the reasons of the 
success of the Continental horizontal tandem and also 
the reasons which induce the English designers of the 
Westinghouse and National tandem vertical engines to 
produce multiple cylinder engines for large powers. 


(To be continued.) 





Hypravutic Power In France.—We read in the 
Revue Scientifique that since the commencement of the 
war remarkable progress has been made in France in 
turning to account the water power available in the 
country. From 1916 to 1918 there were put down 
installations for a total of 450,000 —_- ; plant is being 
installed for 175,000 np. to be working in the course 
of the present year; whilst further plant for a total of 
225,000  y is being built to be ready in 1920-21. The 
total is 850,000 h.p. In 1913, the water power utilised 
yielded 750,000 h.p. In 1921, therefore, the water power 
installations in France will yield 1,600,000 h.p. This 
pork. pw is only one-fifth of the power which can be 
obtai hydraulically throughout the country according 
to present estimates. 


CATALOGUES. 


isbestos.—An instructive essay on the uses, nature 
aad origin of asbestos, in booklet form, has been received 
from Messrs. Turner Brothers Asbestos Company, 
Limited, Rochdale. 


Drawing Supplies.—A priced list of drawing instru- 
ments, slide rules and black and coloured inks and 
pencils comes from Mr. Albert E. Mallandain, 51, Cheap- 
side, E.C. The information is precise and sufficient. 


Street Lighting.—An interesting essay on the diffusion 
of light in public thoroughfares fills the main part of a 
pamphlet issued by Holophane, Limited, 12, Carteret- 
street, 8.W.1. The Holophane lanterns and refractors 
are described, and the matter throughout is accompanied 
by useful diagrams. ; 


Deflectometer.—An instrument for measuring the 
deflection of bridges, floors, pillars, &c., especially those 
of ferro-concrete, is described in some circulars received 
from the maker, Mr. Gustav Griot, Zurich, Switzerland. 
A wire is attached to the instrument and the underside 
of a floor, and the deflection indicated on a dial in inches 
or millimetres. 


Thermometers.—A wide range of glass thermometers 
for various industries is shown in a catalogue from the 
Cambridge Scientific Instrument Company, Limited, 
Cambridge. These are specially suitable for steam plant, 
chemical works, brewing, sugar boiling, refrigerating, 
oil tempering and molten metal. Another catalogue 
deals with electrical distance thermometers, both indicat- 
ing and recording. 

Expansion Joint.—An expansion joint for pipe lines 
is the special subject of a booklet received from the 
Ross Heater and Manufacturing Company, Buffalo, New 
York, U.S.A., who make these joints in a full range of 
sizes for pipes from 1} in. diameter to 48 in. diameter. 
The wave & 4in. or 8in., and all pressures up to 1,000 Ib. 
per square inch are provided for. The joint is designed 
on substantial and free working lines. 


Tram Cars.—Several types of electric tram cars are 
described and illustrated in a catalogue issued by the 
J. G. Brill Company, Philadelphia, and 110, Cannon- 
street, E.C. There is a neat single-deck car, on which 
one man acts as driver and conductor, two-deck cars, 
and a very low-built centre entrance car. The control 
gear is specially worked out to give easy operation and 
automatic safeguards against accident. 


Minerals.—The Northern Exploration Company, 
Limited, 62, London Wall, E.C.2, has issued a booklet 
to call attention to British commercial interests in Spitz- 
bergen Archipelago. It is stated that there are great 
quantities of high-grade iron ore, coal, pyrites, asbestos, 
molybdenite, graphite, lead and gold, as well as many 
splendid marbles and other materials. Some very fine 
illustrations appear, and the position relative to other 
countries is explained. 


Electric Hoists.—A catalogue from the Electric Hoist 
Manufacturers’ Association, 9, West Fortieth-street, New 
York, illustrates the American genius for combined action 
in trade. It represents 11 large American firms engaged 
in making hoists and special parts of hoists, and offers 
buyers an unbiassed choice of all their productions and 
expert advice on all or any of them. About 20 various 
kinds of hoists specially suitable to various industries 
are illustrated and briefly described. 


Steel Material.—A series of circulars, each dealing with 
a special steel for automobile and aircraft engine work, 
comes from Messrs. Vickers, Limited, River Don Works, 
Sheffield. These include mild and nickel steels for case 
hardening, medium and high-tensile carbon steels, 
nickel and nickel-chromium steels, also a self-hardening 
nickel chrome steel. Each circular, there are thirteen, 
explains the use, composition and heat treatment, states 
strength test and analysis figures. These should prove 
very useful to engineers. 


Engines.—The Parsons Motor Company, Limited, 
Southampton, send a book illustrating the various 
adaptations of their small engines to land work, both 
stationary and portable. The engines are of seven h.p. 
and multiples of seven generally, up to 42 h.p., but in 
some cases as high as 90 h.p. They are incorporated in 
units for generating electric current, welding, pumping, 
air compressing, small locomotives, various agricultural 
machines, stone crushing machines and a compact unit 
at various powers giving a pulley drive for factory, 
workshop or other similar purpose. Some useful layout 
drawings are also given. 


Baling Presses.—Some examples of boxed and open 
baling and packing presses are shown in a catalogue from 
Messrs. Hollings and Guest, Limited, Thimble Mill-lane, 
Birmingham. These are based on the firm’s hydraulic 
machinery, and consist in adding strong and convenient 
frame work to suit the needs of various manufacturers, 
packers and merchants. Although rough, strong struc- 
tures, they show evidence of some ingenuity in economis- 
ing space and providing easy approach for workmen. 
A new catalogue of pumping Mm. wean comes from the 
same firm, showing hand-lever, belt and electric motor 
drives with toothed or chain-wheel reduction gear, 
specially made for press work. 


Friction Fabric.—An important manufacturing indus- 
try, and on a large scale, has been built up by the Herbert, 
Frood Company, Limited, Chapel-en-le-Frith, Derby- 
shire, makers of ‘‘ Ferodo.”” Practically a single material 
is made, but the company have closely followed up the 
uses to which this material is put by engineers, and have 
supplied it in the form required for | one of its many 
applications. The company’s work and methods are an 





excellent example of how industry should be built up 





and maintained. Eight leaves pinned together have 
reached us explaining some of the adaptations of Ferodo 
in simple text and clear illustrations. They deal with 
an item of material which the engineer cannot well 
manipulate with his own tools or machines, and he is 
glad to get it in exact form ready for use. 


Electric Winders.—Evidence that electrical machinery 
is making progress in mining for winding and haulage 
work is given in a publication issued by the British 
et ae Electric and Manufacturing Company, 
Limited, Trafford Park, Manchester. It contains about 
50 finely-printed illustrations of winding motors and 
drums with all necessary gear—as an example, an alter- 
nating-current 730 1,500 h.p., direct-coupled motor for 
winding a net unbalanced load of 6,720 Ib. on a 12 ft. 
diameter drum, at a speed of 1,900 ft. per minute in a 
shaft 1,080 ft. deep at Wallsend-on-Tyne. A great variety 
of installations supplied by the company are shown. 
The company also send specimen copies of their Club 
News and Gazette, monthly papers containing news of 
special interest to the employees, and both excellent 
examples of this class of literature. 


Small Locomotives.—The small locomotive has been 
extremely well worked out by the Motor Rail and Tram 
Car Company, Limited, Simplex Works, Bedford. The 
engine will haul up to 100 tons on the level rails, at speeds 
from 1 to 12 alles per hour. Two smaller sizes are also 
shown. All four wheels are driven. The controls, look- 
out, braking, sanding and all necessary minor facilities 
are carefully provided for, and the driving made easy and 
comfortable. The engine fuel is petrol or paraffin, 
the latter giving 20 per cent. less power. Rail gauges 
from 18 in. to the standard 56} in. are built to. For 
shunting and yard and shop haulage these engines are 
proving very useful and economical. They are always 
ready for use, and as they are seldom in constant use, 
the saving in fuel cost is considerable as compared with 
small steam engines. The catalogue contains several 
interesting pictures of the working of these engines on 
the battlefields. 


Building Blocks.—A machine for making concrete 
building blocks, slabs, flue blocks, &c., has been —_ 
thoroughly worked out by Messrs. Winget, Limited, 
Warwick, and 25, Victoria-street, S.W.1. The concrete 
is tipped into a moulding box and tamped or hammered 
down; the box is then stripped from the formed block 
by a pull on a lever and the block is left clear on a plate 
for carrying away. The blocks are 32in. by 16in. by 9in. 
solid as a maximum, and a variety of sizes are provided 
for by dividing the maximum space. Rough, smooth and 
pattern faces, and various cores, are also provided for. 
All parts of the machine are standard, and any part can 
be replaced at once. The machine forms part of a system 
of making blocks in or near the building site, and may 
be operated to full advantage by three or four men 
or women. The system should receive special attention 
from those interested in building small houses. Another 
catalogue describes a concrete mixing machine, mounted, 
with small engine, on a truck. jf 2. 2 kn 


Oil Engines.—A series of tests, conducted by Professor 
F. W. Burstall, of Birmingham, on the cold starting 
oil engines made by Messrs. Crossley Brothers, Limited, 
Openshaw, Manchester, are recorded in a 12-page quarto 
booklet. The engine tested was 18} in. diameter cylinder 
and 28-in. stroke; speed, 180 r.p.m.; fuel, normally, 
residual or tar oils. Tests were made with three fuels :— 
(1) Refined kerosene, (2) residual petroleum, and (3) tar 
oil with small pilot injection of refined oil (about 3 
cent. of the total charged). The results, which are fully 
tabulated, show a consumption of fuel (2) per brake horse- * 
power per hour of 0-425 lb. at 125 brake horse-power. 
The normal rated load of the engine is 117 brake horse- 
power. The consumption is very little more pro rata at 
21 per cent.‘overload, and remains steady pro rata down 
to nearly half load. The results are to the credit of the 
engine as proof that it will carry a widely varying load 
at a fuel consumption which is substantially unvarying 
per horse-power of work done. That is what the factory 
owner or other user is commercially interested in. 

type of engine is started without preheating, and is self- 
firing (or ignites by compression). The — is worth 
careful attention. Its value is increased by a concise 
fair-minded historical introduction, which gives due 
credit to Beau de Rochas, Priestman, Stuart Ackroyd 
and Diesel for their ideas and work in developing the 
heavy-oil engine. 








Export ReGutations.—The Export Licence Depart- 
ment announces that the blockade of Germany having 
been raised an open general licence has been issued 
permitting the export of goods on list ‘‘C ” to all parts 
of Germany without the necessity of obtaining individual 
export licences or observing any special formalities. 
Goods exported via Holland need no longer be consi, 
to the Standard Bank of South Africa, Rot am. 
In the case of Holland and Switzerland, consignment 
to the Netherlands Oversea Trust and Société Suisse 
de Surveillance Economique respectively is no longer 
necessary. A further open general licence ge ome | 
the export of list “‘C”’ goods to Finland was iss 
recently, but although British export licences will no 
longer be n , exporters are advised to instruct 
their consignees in Finland to obtain any import licences 
which may be required by the Finnish authorities. List 
““C” still applies to Poland, North Russia, Esthonia, 
Lithuania and Lettland (Latvia); but no licences are 


as yet being granted for Lithuania or Lettland except 
for foodstuffs. Further particulars may be obtained 
from the Department of Commerci Intelligence, 


73, Basinghall-street, E.C.2. 





